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CALCULATIONS  OP  SHIPEOAEE  HEAT  EXCHANGERS. 


Reference  textbook. 


A.  S.  Tsygankov 
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Page  2. 

In  the  book  is  generalized  and  systematized  the  calculated 
material,  accumulated  in  the  prccess  of  designing  the  heat 
exchangers.  The  book  is  a  reference  textbook  cf  practical  nature  and 
does  net  contain  theoretical  linings/calculaticns  and  substantiaticn. 
The  systematization  cf  tbe  giver  aaterial  allows  with  the  minimum 
expenditure  of  time  sufficient  to  lull-valued  produce  the  necessary 
linings/calculations  and  calculations. 

The  book  is  intended  for  tte  technical-engineering  workers 
(designers  and  builder-oeat  technicians)  can  also  serve  as  textbeok 
for  the  students  of  ship-building  and  energy  call  and  students  cf 
technical  schools. 
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Page  3. 

Preface. 

Heat  exchangers  are  the  ccsposite/ccmpcund  equipment  component 
of  the  power  plants,  which  nave  extensive  application  in  the 
industry,  and  also  on  tne  vessels  cf  civil/civilian  and  serviceman  of 
fleets. 

The  creation  of  the  idaal  and  relialle  equipment,  which 
corresponds  to  the  contemporary  level  of  development  cf  technology, 
requires  the  thorough  study  cf  occurring  in  the  apparatuses  processes 
and  technology  of  their  production  on  the  basis  cf  experimental 
investigations  and  production  experiment. 

In  the  past  postwar  years  is  carried  out  the  series/rcw  cf 
scientific  research  and  experimental  works  on  heat  engineering,  which 
contribut’d  to  accumulation  ci  ccnsideratle  experience  according  to 
the  design,  to  production  ana  testing  of  heat  exchangers  and  served 
as  basis  for  writing  of  this  bock. 


This  edition  of  the  neck  differs  from  the  publication  1948  1  cf 
the  more  detailed  treatment  or  the  questions,  connected  with  the  heat 
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transfer,  hydraulic  resistance  ana  structural  strength  of  heat 
exchangers. 

F0CTN0T2  *.  A.  s.  Tsygankcv.  Calculations  cf  shipboard  heat 
exchangers.  Sudprcmgiz,  1848.  hKDFCOTNOTE. 

The  obsolete  calculation  formulas  are  replaced  here  by  modern  ones. 
During  the  traatment/prccassing  of  the  beck  is  taken  into 
consideration  alsc  the  na^crity  cf  observations  and  wishes  cf  the 
reviewers  and  readers. 

Fage  4. 

For  the  purpose  of  warmng/praventicn  cf  the  errors  and  for  the 
savings  of  time  with  the  execution  of  calculations  in  the  bock  are 
given  typical  examples  of  xne  eternal  designs  cf  the  most  widely  used 
apparatuses  and  examples  of  the  calculations  cf  hydraulic  resistances 
for  different  working  media,  whica  take  place  in  their  cavities. 

In  the  book  is  given  the  single  procedure  cf  calculation  of 
different  tube  plates  and  are  given  examples  cf  the  calculation  of 
the  strength  of  the  basic  parts  cf  apparatuses. 

The  section  of  applicaticns/appendices  is  renovated  and 


I 


>  supplemented  by  new  tabulated  data  of  the  physical  parameters  of  the 

N 

y,  working  media  of  h*at  exchangers. 


A.  Tsygankov. 
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Chapter  I. 

THERMAL  DESIGNS. 

§1.  Pressures  and  raref action/e vacuation  . 

3y  the  pressure  is  understood  the  force,  which  acts  per  unit  of 
surface.  Sorking  standard  ct  pressure  is  called  technical  atmosphere, 
i.e.,  the  pressure,  produced  by  force  in  1  kg  to  1  cm2  of  surface. 

In  the  rarefaction/evacuaticn,  or  the  vacuum,  is  understood  the 
difference  between  the  pressure  cf  the  external  atmosphere  and  the 
absolute  pressure  in  the  place  cf  measurement,  while  by  the 
overpressure  -  a  difference  between  the  absolute  and  atmospheric 
pressures.  Absolute  pressure  is  expressed  in  the  absolute 
atmospheres,  and  vacuum  -  an  the  millimeters  cf  mercury  or  water 
column,  and  also  in  the  percentages. 

Normal  barometric  pressure,  or  physical  atmosphere: 


B=760  mm  Hg 


=1.033  xg/cm2 
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The  technical  atmosphere: 

P  =1  at=  1  kg/co2=735.  o  ma  rig  v» i t h  0°C; 

p=737.4  mm  Hg  with  15°C; 

p— 10  o  H  2C  with  4°C. 

Absolute,  either  real,  pressure: 

P*=P*  +  P.  | 

P«—P*-Ph  i  0). 

where  P »  -  atmospheric,  or  barometric,  pressure,  mm  Hg; 

p  -  overpressure  (reading  manometer) ,  mm  Ha. 

Ph  -  vacuum,  or  rarefacta.cn/evacuation  (reading  vacuum  gauge),  mm 

Hg. 

Fage  6. 


Pressure  at  any  point  mtn il  the  liquid: 
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P  ~  Pa  +■  1Z  a  g/  u  a  ,  (2) 

where  p0  -  pressure  abcve  the  surrace  of  liquid,  kg/m2; 

y  -  the  specific  gr avity/ weight  of  liquid,  kg/m3; 

z  -  submersion  depth  or  pcict  under  the  surface  of  liquid,  o. 

The  force  of  pressure  or  liquid  on  the  flat/plane  vertical  wall 

P  —  (Po  +  lzn)F  *3#  (3) 

where  z„  -  height/altitude,  equal  to  the  sutiersion  depth  of  the 
geometric  center  of  wall,  m; 

F  -  area  of  wall,  n2. 

The  force  of  pressure  c£  liquid  cn  the  inclined  wall; 

P*=*(P*  +  1Z„)F  cosa  <g,  (4) 

where  a  -  angle  of  ccmpcneut  with  the  normal  to  the  wall. 


During  the  determination  of  force  of  pressure  cn  the  curved 
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surface  of  wall  into  fcraula  (4)  instead  of  f  cos  a  is  substituted 
the  projection  of  surface,  p er pendicular  to  fcrce  direction 

The  pressure  of  vapcr  cr  gas  (characteristic  equation): 

k  9/**»  (5) 

where  R  -  gas  constant,  ky-a/*g  °K:  fcr  the  saturated  water  vapor 
R=  47.  05,  for  air  P=  2 9-  27; 

T=273.2  +  t°C  -  absolute  temperature,  °K; 

v  -  specific  voluma. 

Absolute  condenser  tacKpressure: 

,  .  at 

Pn  —  O  —  h  MM  pT.  CT. 
b  —  h  (V 

pK—  7356  ama 

.  (D  ' 

P*  =  (  1—  735,6  MM  PT.  CT. 

Key:  (1).  mm  Hg.  (2).  atm(abs.). 

where  b  -  reading  barometer,  mm  Hg; 


h  -  reading  vacuum  cauye,  am  fcg; 
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Pk  -  vacuum  in  the  capacitor/condenser,  c/c. 


Rarefaction/evacuation  in  the  capacitor/ccndenser: 

,w*  '•»  (7) 


735,6—  pn  . ^  oi 

Pit  711  k  /* 


where  /»«  -  the  same  as  in  formula  (6). 


Page  7. 


The  pressure  of  mixture  in  the  capacitor/ccndenser: 

P*m=P«  +  p,  Uj  (8) 

where  p„  -  partial  pressure  cf  vapor,  am  Ha; 

pm  -  partial  air  pressure,  am  hg. 

Partial  pressure  cf  vapor  can  be  determined  according  tc  tables 
1  and  2  fcr  the  water  vapor  (sea  applicaticns/a cpendices)  in 
depending  on  the  temperature  cf  mixture. 

Partial  pressure  cf  vapor  in  the  air-steam  mixture; 

/>■- - P-SS—G-  »»  Hg  (9) 

'  1+0,622 -g- 


DOC  =  8004020  1 


PAGE  11 


Partial  air  pressure  ia  the  air-stean  nixture: 


p. - »■  dq  (10) 

Here  p(m  -  pressure  at  mxture  in  capacitor/condenser,  on  Hg; 

D  -  quantity  of  that  entering  capacitor/ccndenser  of  vapor, 

kg/h; 

G  -  quantity  of  air,  kg/h. 


Critical  pressure  cf  vapcr  (ata(abs.)): 

^  HacbimeHHoro  ^=*0,577  />,1 
0)neperpeToro  =  0,574  p%  }  ’ 

Key:  (1).  saturated.  (2).  cverneated. 


where  p0  -  initial  pressure  of  vapor,  atm(afcs.). 


Water  vapor  pressure  -  see  applications/appendices, Table  1  and 


Selection  of  design  pressures 
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The  pressure  of  ccclmj  water  in  the  branch  pipes  of  putrps  for 
the  capacitors/condensets,  the  oil  coders,  the  coolants  of 
condensate  and  other  similar  tc  them  apparatuses  and  the  pressure  cf 
the  preheated  feed  outboard  Hater  in  the  preheaters  for  the 
vaporizers/evaporators  is  accepted  from  the  conditions  of  overcoming 
the  losses  of  head  in  the  system  or  this  conduit/manifold,  in  the 
established/installed  or  it  apparatuses  and  the  accessories,  and  also 
in  depending  on  final  counter  pressure. 

Usuallv  the  calculated  vrater  pressure  ?  is: 

1)  for  the  capacitors/ccnaensers  and  the  oil  ccclers  8-25  m  H2C; 

2)  for  the  vapo rizers/e vapcrators  15-4G  a  water  column. 

Page  3. 


Vapor  pressure  p  cf  the  heating  for  feed  heaters  of  first  stage 
usually  is  approximately  1.5-2. 5  atm(abs.),  since  in  essence  for 
preheating  water  in  the  preheaters  is  utilized  the  exhaust  steam  frcra 
the  auxiliary  mechanisms  cf  a  machine-boiler  installation. 

Vapor  pressure  p  of  tne  heating  for  feed  heaters  of  the  second 
and  third  steps/stages  is  5  atm(aos.)  and  it  is  above.  For  this 
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purpose  is  utilized  the  exhaust  steam  frcm  the  group  of  the  auxiliary 
mechanisms,  which  work  tc  tee  ncreased  coucterpressure,  or  the 
vapors  frcm  main  turbines. 

Vapor  pressure  p  of  tae  heating  in  cil  heaters  usually  is 
accepted  on  3-5  atm(abs.)  higher  than  pressure  of  petroleum  and  in 
the  majority  of  the  cases  is  20-25  atm(afcs.). 

For  some  types  of  injectors  tae  pressure  of  petroleum  can  reach 
40  atm(abs.).  In  this  case,  and  also  at  the  pressures  of  petroleum, 
which  exceed  pressure  of  vaper  it  is  expedient  tc  apply  oil  heaters 
with  the  dual  tube  plates  or  sectional  oil  heaters  which  work  on  the 
high  parameters  cf  vaper. 

Pressure  p  of  that  heating  (primary)  vaper  in  the 
vaporizers/evaporators  is  recommended  the  accepting  of: 

1)  for  the  vacuum  evaporators  1. 5-2.5  atm(abs.)  (usually  as 
heating  steam  is  utilized  the  exnaust  steam  from  the  auxiliary 
mechanisms)  ; 

2)  for  the  vapo rizers/avaperators,  which  werk  under  the  positive 
pressure,  3-5  atm(abs.)  (is  applied  also  the  mastered  or  throttled 

:i 

live  steam) .  1 
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During  the  pollutic r/contaxination  cf  the  heating  coils  the 
vapor  pressure  of  the  heating  ter  the  purpose  cf  the  maintenance  of 
productivity,  can  be  increased  to  a  atm(abs.). 


Pressure  p2  of  the  secondary  steam  in  the 

vaporizers/evaporators,  as  a  rule,  is  accepted: 

o\ 


'3)11.1*  nakyyMiikix  ojHocryncHHarux .  0,5 _ 0,8 

C3jA. i*  naxyy miiu.t  uhpky.ihiuiomiimx .  0.3—  0,7 

CWlLin  HaKyy MHbJX  flByxcTyncnqaThix: 

nepnofl  CTynomi .  0.6 _ 0.8 

fl/tino  BTopoft  CTyneHii .  0^2— 0.4 

fS)Hi*  atMoc(J)cpHux.  a  raKwe  j.m  Hcn.ipHrc.icfl  c  4a  b- 

.1CHHCM  BUUie  3TMOC(|M.'pbl .  I.O— 2.0 


Key:  (1).  atm(abs.).  (2).  Per  vacuum  single-stage  ones.  (3).  Por 
vacuum  circulation  ones.  (4).  For  vacuum  two-stage  cnes.  (4a).  in 
first  stage.  (4b).  in  the  second  step/stage.  (5).  For  atmospheric 
ones,  and  also  for  vapor izers/e vap orators  with  pressure  higher  than 
atmosphere . 


Vapor  pressure  p  cf  tne  heating  for  the  atmospheric  and  vacuum 
deaerators  is  received  as  1. 2-2.0  atm(abs.)  (usually  is  utilized  the 
exhaust  steam) . 


Operating  pressure  in  tha  housings  cf  deaerators  is  accepted: 
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1)  in  vacuun  0.  1-C.y  atniabs.); 

2)  in  atmospheric  1.1-1- 4  atm(abs.). 

Vapor  pressure  p  cf  working  in  the  stean-air  ejectors  is  usually 
received  as  10  atm(abs.)  and  it  is  above. 

Page  9. 


Vacuun  in  the  capacitor s/conuensers  depends  on  a  number  cf 
factors  (principal  of  them  are  temperature  and  guantity  of  ceding 
water)  and  is  usually  within  the  limits: 

1)  for  the  shipboard  turbine  plants  from  pH*=  95°  „  with  tl=15°C 

to  with  tl=30°C; 

2)  for  stationary  installations  pk  =  96  —  97,5*/,  with  tt=10-15°C  or 
during  the  cooling  by  river  water  an  the  unlimited  guantity; 

3)  for  installation  with  steam  engines  vacuun  ph  in  essence  is 
limited  by  the  sizes/dimensiens  of  low-pressure  cylinder  and  it 
usually  composes  85-87c/c. 


Absolute  condenser  tec* pressure  near  the  place  cf  air  exhaust 
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(to  avoid  the  overexperditure  ct  energy  to  the  exhaust 

devic e/eg uiprae nt  and  ar  increase  in  its  dimension)  Bust  be  net  less 

than  25  tan  Hg: 

Pu=P,-*P. 

where  pm  -  absolute  condenser  cacicpressure,  id  Hg; 

hp  -  steam  resistance  of  capacitcr/condenser ,  ma  Hg. 

§2.  Temperatures  and  their  aifierence. 

Temperature  characterizes  the  degree  of  the  warmth  of  bedy. 
Temperature  is  measured  in  the  degrees  according  to  international 
thermometric  scale,  according  tc  which  temperature  cf  the  fusion  cf 
ice  at  the  normal  atmospheric  pressure  is  designated  through  C°C, 
while  the  boiling  point  of  water  -  through  1CC°C.  The  temperature, 
measured  according  tc  the  international  scale,  is  designated  ty 
letter  t,  and  its  scale  -  °C, 

Temperaure  counted  off  fre*  the  absolute  of  zero  temperatures, 

is  called  the  absolute  teaperature : 

r=  273,2  +  f,°K,  (12) 

where  t  -  temperatcre,  °C . 

Mean  temperature  cf  the  heat-transfer  agent; 

^f*0,5  (f,  +  f,)  °C,  (13) 


,  Mm*#*****-' 


*8*  * 
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where  t,  -  initial  temperature  cf  heat-transfer  agent,  °C; 


t2  -  final  temperature  or  heat- transfer  agent,  °C. 


Mean  temperature  cr  the  mixture: 

a  _  <Vi't  4-  GjCJj  +  . . .  Qf, 

“  Gi<r+< 3ic,+... 


(14) 


where  G1#  G2  -  weights  cf  tae  compcnents,  entering  the  mixture,  kg; 


ct,  c2  -  average/mean  heat  capacities  cf  components,  kcal/kg°C 


tt,  t2  -  temperature  ct  components,  °C. 


Fage  10. 

Mean  temperature  or  the  wail,  which  divides  two  heat-transfer 
agents: 


£  =  0,5(^  +  i4%,  (15) 


where  tt,  t't  -  initial  temperatures  of  heat-transf er  agents,  °C; 


t2,  t*2  -  final  temperatures  cf  heat-transfer  agents,  °C. 
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Mean  temperature  cf  the  surface  of  the  wall: 

f«0.5(/cr  +  <S)aC,  (16) 

where  /  -  mean  temperature  of  heat-transfer  agent,  °C; 

f'J  -  mean  temperature  cf  wail,  °C. 

Formulas  (15)  and  (16)  it  is  possible  tc  use  alsc  for 
determining  approximate  value  of  tne  temperature  of  the  surface  cf 
wall  with  small  differences  in  the  temperatures  cf  heat-transfer 
agents. 

Temperature  of  the  surface  cf  single-layer  wall  *: 


1)  internal 


2)  external 


_ ®l*l  +  Att  op 

«i+*  • 

(17) 

(18) 

/|  +  fcfl/j  op 

■  l  + 

(19) 

”C, 

(20) 

where  tt  -  temperature  cf  medium  from  inside  cf  wall,  °C; 


t2  *  temperature  cf  medium  frcm  the  face  cf  wall,  °C; 
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at  -  heat-trans fee  coefficient  of  medium  from  inside  of  vail, 
kcal/m2h  °C; 


a 2  -  heat-transfer  coefficient  cf  raediua  frem  the  face  cf  wall, 
kcal/m2h  °C; 

q  -  quantity  of  heat,  transferred  of  1  a2  cf  the  surface  of 
wall,  kcal/m2h; 

s  -  wall  thickness,  a; 

X  -  coefficient  cf  the  thermal  conductivity  of  wall,  kcal/a-hour 
°C; 

A  and  3  -  values,  determined  according  tc  the  fcraulas: 


FOOTNOTE  *.  For  calculating  the  temperatures  cf  the  surface  cf  wall 
the  heat-transfer  coefficients  of  aedium  «,  ard  a2  in  the  first 
calculation  are  received  tentatively  according  fcy  this  cn  Fage  74, 
and  then,  according  to  the  determination  of  their  values,  in  that 
produced  the  calculation  again  is  done  the  refined  calculation  of 
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these  temperatures.  ENCJrCCINC'IE. 

Page  11. 

The  temperatures  c.*  tne  surface  of  walls  fCT,  and  tCJX  can  be 
determined  graphically  (Eig.  1)  as  fellows. 

On  the  x  axis  plcr/deposit  value  s/\,  and  on  both  sides 

frem  it  the  cuts,  equal  to  1/a,  and  1  /a2  frenr  ends/leads  of  which  are 
established  the  perpendiculars. 

At  a  distance  of  t,  and  t2  from  the  axis/axle  x~c3  and  in 
parallel  to  it  draw  a  lina  cf  temperatures,  which  intersect  with  the 
perpendiculars  at  points  a  and  c.  Straight  line,  which  connects  these 
points,  intersects  the  surface  ct  wall  at  pcints  c  and  d  and  gives 
unknown  temperatures  t and 

near,  temperature  cf  tae  boundary  layer: 

*=  0,5  (t(p  +  t„)  °C.  (21) 

where  4*  -  mean  temperature  cf  medium,  °C; 

t„  -  temperature  of  wall,  determined  according  to  formulas 
(17)- (20)  or  by  graphic  letned,  °C. 
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By  formulas  (15)  -(21)  us^a  during  the  calculation  of  heat 
transfer  and  hydraulic  resistance. 

During  the  derivation  cf  calculation  formulas  cn  heat  exchange 
and  hydraulic  resistance  from  conducted  experiments  the  individual 
authors  applied  the  different  metncds  of  calculating  the  determining 
temperature  in  order  tc  consiaer  tne  effect  cf  heat  flux.  Seme  of 
them  as  the  determining  temperature  accepted  the  temperature  cf  wall 
ftr.  determined  according  tc  fcraulas  (17)- (2C),  others  -  mean 
temperature  of  medium  f^,  determined  according  tc  formula  (13),  the 
third  -  different  ccafciraticns,  the  fourth  -  mean  temperature  of 
boundary  layer  t,v.  determined  according  to  formula  (21)  and,  etc. 

Using  calculation  fcraulas  on  heat  exchange  and  hydraulic 
resistance,  it  is  necessary  the  determining  temperature  to  calculate 
fcv  that  method  which  was  used  with  the  derivation  of  calculation 
formula . 
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Pig.  1.  rig.  2. 


Fig.  1.  Graph/curva  cf  detenination  of  temperature  of  surface  of 
wall. 

Key  :  ( 1)  .  Medium. 

Fig.  2.  Graph/cucve  of  deter iinaticn  of  temperature  of  surface  of 
twc-layered  wall. 

Page  12. 


Temperature  of  the  surface 


1)  the  external  surface  cf 


cf  two-layered  wall  (Fig.  2)  : 


the  first  layer  cf  the  wall 


DOC  =  80040201 


F  AG£  23 


\a\C  +  ^  E>) h  + 


’i  C  +  ~r~  D  +  D 


°C; 


(22) 


2)  the  external  surface  of  c he  second  layer  of  the  wall 

t  —  a,Df'  —  —  fifjQA  or*.  /iy>\ 

"»  («!  +  a*J  O  + 

3)  on  the  boundary  between  the  layers  of  the  walls 


ft  -I  °c- 


(24) 


Here  -  heat-trarsfer  coefficient  of  the  first  layer,  kcal/a2h 
°C ; 


« 2  -  heat-transfer  coefficient  of  the  second  layer,  kcal/a2h 

°C ; 

tt  -  temperature  ci  median  Ircm  the  side  of  the  first  layer,  °C ; 

t2  -  temperature  cl  asdiui  fxca  the  side  of  the  second  layer, 

°C ; 

st  -  the  wall  thickxess  ci  the  first  layer,  a; 


s2  -  the  wall  thicxress  cf  the  second  layer,  ra ; 
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X i  -  coefficient  cr  tne  theraal  conductivity  of  the  first  layer 
cf  wall,  kcal/m-hour  C; 

X 2  -  coefficient  cf  the  thernal  conductivity  of  the  second  layer 
cf  wall,  kcal/m-hour  °C; 

q  -  quantity  cf  heat,  transferred  cf  1  b*  cf  the  surface  of 
wall,  kcal/m1 2h; 

C  and  d  -  value,  they  are  determined  according  tc  the  formulas: 


The  temperature  of  tne  air,  driven  cut  frcm  the 
capacitor/condenser,  is  accepted: 

1)  according  to  data  of  the  experiments 

*.  =  ',  + 4 +  0,1  (/,-f,)  °C;  '  (25) 

2)  according  to  the  data  cf  the  practice 

+  (3-*-5)  °C,  (26) 

where  t,  -  temperature  cf  coclirg  water  upon  the  entrance  into  the 
capacitor/condenser,  °C; 
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t2  -  temperature  c t  cooling  water  on  leaving  from  the 
capacitor/condenser,  °C. 

Calculations  according  tc  formulas  (25)  and  (26)  give  clcse 
results. 

Page  13. 

The  temperature  of  tae  superheated  steam  which  at  the  saturation 
pressure  is  condensed  as  the  saturated  steam: 

- 1.  +  0,0001515  a.  (ta  ~  t.)  °C,  *  (27) 

where  ta  ~  saturation  temperature,  which  corresponds  to  condenser 
backpressure,  °C; 

a,  -  heat-transfer  coefficient  cr  water,  kcal/m2h  °C; 

t,  -  temperature  of  ceding  water  upon  the  entrance  into  the 
capacitor/condenser,  °C. 

Formula  (27)  is  applied  during  the  deter ninaticn  of  the  cooling 
surface  of  capacitcr/ccndanser ,  if  it  is  necessary  to  lower  the 
temperature  of  the  superheated  steam  before  its  condensation. 


The  temperature  of  tae  saturated  water  vapex  tentatively  can  he 
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determined  according  tc  tae  following  approximated  formulas: 

4  ■  rs; 

tHX  \QOyp,  #C  npii  pn  =  1,0—25  ama\  (28) 

3 

®C  npu  p„  =  0,1  —1,0  ama;  (29) 

°C  npH  ^  =  0,03—0,1  ama,  (:i0) 

Key:  (1).  with.  (2).  ats(acs.). 

where  pm  -  pressure  of  saturated  steam,  atm(abs.). 

The  temperature  of  water  vapors  -  see  appendices  table  1  and  2. 

Difference  in  the  temperatures. 

By  a  difference  ir  the  temperatures  is  understood  the  heat  drcp 
between  the  final  and  initial  temperatures,  while  by  the  average/mean 
difference  -  an  heat  drop  between  mean  temperatures  cf  heat-transfer 
agents. 

Quantity  of  heat,  transferred  through  the  surface  during  the 
heat  exchange,  proporticral  tc  an  average/mear  difference  in 
tern  pe rat ures. 

With  a  uniform  and  small  temperature  drcp  along  the  length  of 
surface  of  heating  or  cooling)  ac  average/mear  difference  in  the 
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temperatures  will  be  aritnmetacai,  which  is  changed  on  the  straight 
line  from  the  initial  tc  final  cifrerence. 

aith  the  more  interse  beat  exchange  and  large  differences  in  the 
temperatures,  which  usually  is  observed  in  the  heat  exchangers,  a 
temperature  drop  along  tha  length  of  surface  is  uneven;  in  this  case 
an  average/mean  difference  in  the  temperatures  will  be  logarithmic, 
which  is  changed  on  the  curve  frca  the  initial  tc  a  finite  difference 
in  the  temperatures  of  beat- transfer  agents. 

Page  14. 

If  relation  < 2,  tnen  a  difference  in  tha  temperatures 

between  the  average/aean  logarithmic  and  arithmetic  mean  does  not 
exceed  4o/o.  In  this  case  it  is  possible  tc  use  fcraulas  (32)  and 
(33)  arithmetic  mean  differences  in  the  temperatures. 

The  value  of  an  average/aean  difference  in  the  temperatures 
dapends  not  only  on  the  values  cf  the  initial  and  final  temperatures 
of  heat-transfer  agents,  but  also  cn  the  direction  of  the  motion  of 
their  flow. 

The  schematics  cf  tha  direction  of  the  acticn  of  heat-transfer 
agants,  which  are  usually  encountered  during  the  calculation  cf  an 
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average/mean  difference  in  the  temperatures  in  the  apparatuses,  are 
given  in  Fig.  3. 

A  iifference  in  the  teaferatures  of  the  heat-transfer  agents 

=  (31) 

where  t2  -  the  greatest  teaperarure  of  heat-transfer  agent,  °C; 

tt  -  the  minimus  teaperature  cf  heat-transfer  agent,  °C. 

Arithmetic  mean  difference  an  the  temperatures: 


(32) 


1)  for  the  unidirectional  flow 

«-o^  [(<,-<) +  (^-4)1  °c; 

2)  for  the  countercurrent 

3^  =  0,5  [(h,  t2)  +•  (t7  —  h|)]  °C,  (33) 

where  t4,  t' j  -  initial  temperatures  of  heat-transfer  agents,  °C; 

t2,  t'2  -  the  final  teaperatures  of  heat-transfer  agents,  °C. 

The  diagram  of  a  change  in  the  temperatures  of  heat-transfer 
agents  and  arithmetic  mean  difference  in  the  temperatures  in  the 
dependence  on  the  direction  cf  ccclant  flows  is  depicted  in  Fig.  4. 
Lines  AB  and  CD  show  a  chance  xn  the  temperatures  over  surface  of  F 
with  the  countercurrent,  xinas  AE  and  C’D'  -  with  the  unidirectional 
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Fig.  3.  Fag.  4. 


Fig.  3.  Schematics  of  directi.cn  of  motion  of  beat-transfer  agents. 

Key:  (1).  Unidirectional  flew.  (2).  Countercurrent.  (3). 
Crosscurrent.  (4).  Displaced  current. 

Fig.  4.  Diagrams  of  change  aritnmecic  mean  difference  in 
temperatures. 

Page  15. 

Average/mean  logaritaaic  difference  in  the  temperatures: 

1)  for  the  unidirectional  flew 
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tf.  -*.)-(<»-*«»  cC 


2  Jig 


*.-'i 

t*-h 


(34) 


Th a  diagram  of  a  cnange  in  ms  temperatures  ever  surface  of  F 
with  the  unidirectional  fie*  is  depicted  in  Fig.  5; 

2)  .  for  the  countercurrent 


(t' '1  -c. 


— /2 


(35 » 


W,*737 

h  ‘t 

The  diagram  of  a  change  in  the  temperatures  ever  surface  of  F 
with  the  countercurrent  is  given  in  Fig.  6; 


3)  for  mixed  and  crosscurrents 

(/,—/,)—  \  tj—  2  ) 


A*. 


2,3  lg- 


c. 


(36) 


The  diagram  of  a  change  in  tha  temperatures  ever  surface  of  F 
with  tha  mixed  current  is  represented  in  Fig.  7; 


4)  for  the  cause  when  temperature  of  one  cf  the  heat-transfer 
agents  (fer  example,  condensable  vapor)  is  permanent,  the  difference 
tetwaen  the  unidirectional  flew  and  the  countercurrent  disappears  and 


,  2i*.A 


1 


< 
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the  formula  cf  an  aver age/moan  logarithmic  difference  in  the 
temperatures  takes  the  fclloeinc  form: 
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Fig.  5.  rig.  6. 


Fig.  5.  Diagram  of  change  i a  temperatures  with  unidirectional  flow. 

Fig.  6.  Diagram  of  change  in  temperatures  with  countercurrent. 

Fage  16. 

The  diagram  of  a  change  in  tne  temperatures  ever  surface  of  F 
during  the  heat  exchange  when  ere  cf  the  heat-transfer  agents  has 
permanent  temperature,  is  giwen  in  Pig.  6; 

5)  for  single-flow  capaerr crs/conde nser s  with  crosscurrent  of 
water  and  steam  according  to  experimental  data: 


6)  for  the  capacitcrs/ccadensers  of  twc-flcwing  cnes  and  more: 
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tt-  — — — ~  <f*  ~  X; 


2  Jig 


(39) 


Here  t  -  permanent  temperature  of  heat-transfer  agent,  °C; 


t i ,  t'x  -  initial  temperatures  of  heat-transfer  agents,  °C; 


t2,  t*2  -  the  final  temperatures  of  heat-transfer  agents,  °C. 

In  formulas  (38)  and  (29)  as  the  initial  temperature  of  vapor  tt 
is  accepted  saturation  temperature  of  vapor  which  corresponds  to 
absolute  condenser  backpressure,  and  for  the  final  -  saturation 
temperature  of  vapor  t2,  anicn  corresponds  tc  absolute  condenser 
backpressure  about  the  place  cf  an  exhaust. 
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Fi<3-  7.  Fig.  3. 

Fiq.  7.  Diagram  of  change  in  temp eratures  with  mixed  current. 


Fig.  8.  Diagram  of  change  in  t^i^iatuc3£  during  heat  exchange  when 
cne  of  heat-transfer  agents  has  permanent  temperature. 

Fage  17. 

If  heat- transf e r  agent  is  the  superheated  steam  and  if  the 
temperature  of  the  walls  of  toe  tunes  lower  than  temperature  cf  its 
saturation,  then  in  formula  (34)  cr  an  average/mean  logarithmic 
difference  in  the  temperatures  is  substituted  the  temperature  of 
saturation,  and  not  superheated  steam,  which  corresponds  to  its 
pressure. 


For  the  apparatuses  with  the  more  complicated  crossed  and  mixed 
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temperatures  becomes  complicatea  oy  mathematical  calculations.  In 
this  case  their  calculation  can  be  produced  according  tc  formula  (35) 
with  the  subsequent  multiplication  of  result  fcr  correction  factor 

determined  on  the  gr apns/cu r vee  of  Fig.  9-12,  given  fcr  different 
flew  charts  of  heat-transfer  agents. 


On  these  graphs/curves  the  value  of  coefficient  t  is  given  as 
the  function  of  two  dimensionless  guantities  i  =  f(P,R),  equal  to: 
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Fig.  9.  Values  of  correction  factor  %=f{P,R)  fcr  determining  the 
average/mean  logarithmic  difference  in  the  teaperatures  in  the 
compound  circuit  of  the  aoticn  ci  liquids. 


Fig.  10.  Values  of  correction  tactcr 
average/mean  logarithmic  difference 
circuit  cf  motion  of  licuid. 


i  =  fcr  determi 

in  temperatures  in  co 


ning 

mpourd 


Page  18. 

The  relaticnshi p/ratic  of  average/mean  differences  in  the 
temperatures  in  the  tvc-stage  evapcrator  with  the  equal  heating 
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surfaces  in  each  step/staga 


=  °\  ■  9l 

*i  •  *1  * 


(40) 


where  At,  -  an  average/sean  ditrerence  in  the  temperatures  in  first 
stage,  °C; 


At 2  -  average/aear  cirrerence  in  the  tesperatures  in  the  second 
step/stage,  °C; 

Q,  -  rate  of  heat  transaassicn  in  first  stage  cf 
vapcrizer/evaporator ,  kcal/h; 


Qz  -  rate  of  heat  transaissicn  in  second  step/stage,  kcal/h; 


k,  -  coefficient  cx  heat  transfer  in  first  stage,  kcal/m2h 

°C; 


k2  -  coefficient  cf  neat  transfer  in  second  stage,  kcal/a2h 
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Fig.  11.  Values  of  correction  factor  z*,f(p,p\  for  deteraining  the 
average/mean  logarithmic  difference  in  the  teaperatures  in  the 
compound  circuit  of  the  motion  cf  liquid. 


Fig.  12.  Values  of  correction  factor  i-f(P.R)  fcr  deteraining 
average/mean  logarithmic  difference  it  temperatures  in  compound 
circuit  cf  motion  of  liquid. 

Page  19. 

Selection  o?  calculated  temperatures. 


The  temperature  of  the  outtoaid  water:  1)  the  initial  calculated 
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temperature  tt  ◦£  the  ceding  cr  preheated  cutbcard  Mater  is  equal  to 
approxiaately/exemplarily  1 5-2G°C ; 

2)  the  final  calculated  reaperature  t2  cf  the  cooling  outboard 
water : 

Xn  the  oil  coolers  ...  *Q-*5°C. 

In  the  capacitors/ccn denser s  ...  23-32°C. 

Increase  in  the  temperature  at  of  ceding  water  in  the 
capacitors/condenser s: 

'T’vo-pass  and  more  than  ...  8-11°C. 

Single-pass  ...  6-d°C. 

For  the  capacit crs/condensers,  which  werk  with  p>0. 1  atm(abs.), 
At=13-17°C. 

The  final  calculated  temperature  t2  of  the  preheated  cuttcard 
water  in  the  preheaters  cf  vaponzers/evaporaters  is  usually  received 
as  60-90°C;  in  the  preheaters  of  the  circulation 
vaporizers/“vaporators  : 


'•'iff 
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Kt  a  pressure  in  housing  or  the  vapcrizer/evapcrator  0.7 
atm{abs.)  ...  1 04- 1  C6°C. 

At  a  pressnre  in  toe  nousing  cf  the  vapcrizer/evaporator  0.3 
atm(abs.)  ...  35°C. 

Temperature  of  feed  water.  Ihe  initial  temperature  of  feed  water 
in  the  preheaters  is  usual!*  tae  temperature  cf  the  condensate,  which 
enters  from  the  capacitcr/ccnaerser ,  taking  into  account  its  increase 
in  steam-jet  airs  ejector,  aiders  and  other  apparatuses,  if  they  are 
establishad/installed  cn  tne  way  from  capacitcr/condenser  to  the 
preheater,  or  the  tespeiature  ci  condensate  it  fcy  heat  box. 

Initial  calculated  temperature  tx  of  feed  water  usually 
lies.'rests  within  limits  cf  36-SQ°C. 

Final  temperature  t2  of  feed  water  in  the  preheaters  is  selected 
in  depending  on  the  therial  circuit  of  installation  and  number  of 
steps/stages  of  preheaters  in  it,  and  also  cn  the  ccnstructicn/design 
cf  boiler,  and  usually  it  is  accepted: 
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°C 

(h  npi«  ojwocryneHiaTOM  noaorpese  .  .  95—115 

rsa  np»  jwyxcTyiwiHiToii  noAorpese .  120—170 

(3)  npH  TpexcTynen<iaTOM  ndaorpese .  170—220 


Key:  (1).  with  the  s ingle-stage  cf  preheating.  (2).  With  two-stage 
preheating.  (3) .  During  three-stage  preheating. 

Temperature  t  of  the  neated  water  in  the  atmospheric  deaerators 
is  received  as  102-104°C,  and  in  the  vacuum  ones  -  corresponding  tc 
the  boiling  point  with  this  working  pressure  in  the  housing  cf 
deaerator . 

Page  20. 

The  temperature  of  heating  steam:  1)  for  the 
vaporizers/evaporators  ainiaua  tenperature  t  of  the  saturation  higher 
than  temperature  of  the  secondary  steam  on  15-20°Cr  but  maxiiruB  (with 

the  superheated  steam)  is  net  nigher  than  20C-230°C; 

\ 

2)  for  the  deaerators  (with  me  mastered  superheated  steam) 
t* 180-230°C; 


3)  for  feed  heaters  and  preheaters  cf  the  circulation 
vaporizers/evaporators,  which  wer*  on  the  exfcaust  steam,  t4230°C; 


DOC  =  80040201 


FAGE  43 


4)  fcr  the  preheaters  cf  usual  evaporative  installations  (vacuum 
or  workirg  under  the  pressure)  preheating  water  is  conducted  ty  the 
secondary  steam  of  vapcti^ers/e vapcrators  or  ty  condensate  of  heating 
steam . 


The  temperature  of  tna  p6trol£v»:  1)  the  initial  calculated 
temperature  t!  of  petroleum  in  nearers  of  fuel/propellant  is  received 
as  10- 1 5°C ; 

2)  the  final  calculated  temperature  t2  cf  petroleum  usually  is 
taken  within  limits  cf  9C-95°C; 

The  temperature  of  cil:  1)  tna  initial  temperature  t»  of  oil 
upon  the  entrance  in  oil  ccclers  usually  is  approximately  55-60°C; 

2)  final  temperature  t2  cf  cil,  which  emerges  from  the  cil 
coder: 

for  the  lubrication  of  the  hearings  of  shafting,  turbines, 
reducer,  etc.  ...  45-55°C. 


For  the  lubricaticc  cf  the  teeth  of  reducer  and  automatic 
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control  ...  35-45°C. 

The  selection  of  tne  calculated  temperatures  of  oil  is  conducted 
in  the  dependence  on  the  viscosity  of  oil  used:  the  less  the 
viscosity  of  oil,  the  is  accepted  celcw  the  temperature  of 
lubrication  and  vice  versa. 

A  difference  in  the  temperatures  At  between  the  initial 
temperature  of  the  heating  (ceding)  medium  and  the  final  temperature 
of  heated  (cooled)  medium  must  comprise  not  less  than  <3-10°C. 


A  difference  in  the  temperatures  in  the  capacitor/condenser 
between  the  condensable  vapor  and  the  coding  water  on  leaving  on  the 


average  comprises: 

(I)  Rna  CTauHOHapiibix  iyp6»N . 

(X)  Rati  nopuiiicnux  itaponux  Mauimi . 

rx\  Ran  h'opa6e.ibnux  TypdoycrauosoK  epeaneit  mow-, 

hocth  (18 — 35  rwc.  a.  c.)  . . 

KopaOe.ibiiux  TypCoycTaiiOHOk  Gojlbmoii  moui- 

HOCTH  (50— 1)5  TbIC.  C.) . 

KOMMep'iccxHX  cvaoB  c  napoBbiuH  Typflmia\iH 
[QR.ia  KOMMCp'teCKKX  cyaos  C  napOBUMH  VUUJHHaMH 


°C 

4.5—  6,5 

8.5—  II 

22—28 

8.5— 11 
6,«> — 8,5 

14—16,5 


Key:  (1).  For  the  staticrary  turfciaes.  (2).  Fcr  piston  steam 
machines.  (3)  .  For  ship  turbcinstallaticns  cf  average/mean  power 
(18-35  thousand  hp) .  (4).  For  ship  turboinstallations  of  large  power 
(50-65  thousand  hp) ,  (5).  Fcr  commercial  vessels  with  steam  turbines. 
(6) .  Fcr  commercial  vessels  with  steam  engines. 
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A  difference  in  the  temperatures  At  between  the  primary  and 
secondary  steam  of  vapcrizers/e vap orators  it  is  expedient  to  assign 
within  limits  of  20-  30°C. 

A  difference  in  the  teaperatures  At  between  the  teaperature  of 

✓ 

the  entrance  of  water  irto  the  circulation  vapcrizer/evaporatcr  and 
the  temperature  of  the  cutput  at  mine  from  the  vapcrizer/evaporatcr 
is  received  as  12-15°C. 

Page  21. 

Difference  in  the  teaperatures  At  between  the  teaperature  of 
condensation  and  the  teaperature  c£  condensate  cn  leaving  frca  the 
ca pacitor/con denser : 

In  the  regenerative  capacitcrs/condensers  ...  1 °c. 

In  the  nonregenerative  capacitors/ccndensers  ...  4°c. 

A  difference  in  the  teaperatures  between  the  temperature  of  the 
condensable  vapor  and  tne  teaperature  of  air,  l.e.,  the  possible 
value  of  supercooling  condensate  in  the  condensers  of  the  type  O-V 
for  guaranteeing  the  regeneration 

Af-f,-f,  +  3X, 
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where  tt  -  condensation  temperature  cf  vapor,  °C; 

**  -  temperature  of  the  air,  uriven  out  frca  the 
capacitor/condenser,  °C. 

§3-  Volumes  and  weights. 

By  the  specific  volume  or  substance  is  understood  the  ratio  of 
the  volume,  occupied  by  suostauce,  to  its  weight.  Unit  the 
measurement  of  specific  volumes  -  a3/kg  or  ca3/g. 

The  value,  reciprocal  to  specific  vcluae,  it  is  the  specific 
gravity/weight  of  substance  and  is  designated  fcy  letter  y. 
Dimensionality  of  specific  jra vity/weight  -  kg/a3  or  g/cm3. 

The  mass  of  unit  volume  is  called  density  and  is  designated  by 
latter  p. 

The  specific  volume  of  tne  medium: 

=  a ,  (41) 

O  T 

where  V  -  volume,  occupied  ty  nedium,  the  a3; 


a 
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G  -  weight  of  mediua,  kg; 

y  -  the  specific  cravixy/weight  cf  aediua,  kg/a3. 

The  specific  voluae  cf  vapcrs  and  gases  (characteristic 
equation) : 

v  =  —  a3/kg,  (42) 

P 

where  T  -  absolute  tenpeiaxure,  °K; 

p  -  pressure  of  vapcr  cr  gas,  kg/a2 : 

R  -  gas  constant,  kc-a/kg  °K. 

The  specific  voluae  of  the  superheated  steam: 

W(1=»iZ|*I,_0,0l6  »3/kg,  (43) 

where  T  -  absolute  temperature  cf  vapor,  °K; 

p  -  pressure  of  superheated  steam,  kg/a2. 
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Specific  volume  of  wet  steam: 


vx  =  xv,  m3/lcg,  (44) 


where  x  -  a  degree  of  drjuess  cr  steam;  Fair; 


-  the  specific  volume  cf  dry  saturated  steam,  m3/kg. 


The  specific  volume  of  the  mixture: 


<7|t/i  +  GjOt  -t  ■ 
Oi  +  Gj  +  •  • 


m*Ik  9, 


where  G | ,  G,  -  weights  cf  the  cciFcnents,  enter: 


mixture. 


v,,  ~  the  specific  volumes  of  the  components,  entering 

mixture,  m’/kg. 


The  volume  of  mixture  in  the  capaci tor/ccndenser  (according  to 
the  law  cf  Dalton)  : 


v.-y.+  v.j*. 


(46) 


DOC  =  30040202 


F  AGE 


wher9  Vn  -  volume,  occupied  Dy  vapcr,  m3; 


V,  -  volume,  occupied  fay  air,  m3< 


The  volume  of  the  air,  exhausted  from  the  capacitor/condenser: 


(47) 


where  t,  -  temperature  cf  air,  °C; 

Gm  -  weight  of  the  exnaustea  air,  kg/h ; 

P •  -  partial  air  pressure,  kg/a*. 

The  volume  cf  dry  air  in  depending  cn  the  temperature: 

Vt=aa  ^0(1  +  2^3  *)•<  (48) 

where  la  -  a  volume  of  dry  air  at  temperature  cf  0°C  and  barometric 
pressure  760  mm  Hg,  n3; 

t  -  temperature  cf  air,  °C. 


The  volume  of  water  in  the  aeaeratirg  tank  fcr  the  shiptcard 
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installations  is  selected  ire®  tae  conditions  for  a  3-4-minute  water 
supply  and  is  determined 

_  Vv  . 

V  ■"  15+20  M  ’  (49) 

where  w  -  a  quantity  of  deaerated  water  (productivity),  t/h; 

v  -  the  specific  veluae  cf  the  deaerated  water,  m3/t. 
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The  specific  weight  cf  the  nuaid  air 

7«  —  T*,,  -  0, 1 76  k$/m\  (60) 

where  Ter*  *  the  specific  weignt  cf  dry  air  (it  is  found  through  tables 
5  cf  applications/appendices)  ,  cf  ng/m3;  ft,  -  water  vaper 

pressure  upon  the  complete  saturation  of  air,  oa,  Hg; 

T  -  absolute  temperature  cf  humid  air,  °K; 

*  -  relative  air  huaidity; 

0— 4-100%, 

~  k, 

where  ^  -  partial  water  vaper  pressure  m  Hg; 


d  -  moisture  content  cf  air  with  this  temperature  a(nd  upon 
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this  saturation: 


d  =  622-o^-r-  air. 


-  a  moisture  ccntaat  of  air  with  this  temperature  and  upon 
complete  saturation,  the  g/k g; 


3  -  barometric  pressure  cf  atmospheric  air  as  the  gas  mixture 


5  =  /^  +  *,,  mm  Hg, 


where  ht  -  partial  pressure  cf  ary  air,  in  Hg. 


The  weight  of  the  humid  air 

CM*=<?cym  +  G0  *«,  (51) 


where  0cT,=*-^jg^- -  weight  cf  dr*  air,  kg; 

”  weight  of  water  vapors,  kg. 

Here  B  -  barometric  pressure  cf  atmospheric  air,  mm  Hg; 


-  partial  water  vapor  pressure  of  the  atmosphere,  am  Hg; 


DOC  =  3 0040202 


FiGE 


T  -  absolute  temperature  of  air,  °K; 

number  2-153  -  the  gas  constant  cf  dry  air  in  the  measurement  of 
pressure  in  leg /m2; 

number  3.4 W  -  gas  constant  water  vapors  in  the  measurement  cf 
pressure  in  kg/m2. 

Page  24. 

The  specific  gravity/weignt  cf  oil-products  with  different 
temperatures 


T<=*T»-?(f-20)  t (52) 

where  y20  -  the  specific  gra v itj/weight  cf  cil-product  with  20°C, 
t/m3  j 


0  -  temperature  correction  fer  1°C  (it  is  determined  on 
Tables  1)  ; 


t  -  temperature  cf  cil-prcduct,  °C. 
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The  graph/diagram  cf  the  dependence  of  tfce  specific 
gravity/weight  of  different  oil-products  on  the  temperature  is  given 
in  Pig.  13. 

Specific  volumes  and  waigats  of  water  vapors,  air  and  liquids  - 
see  applications/a ppendicas, T  arle  1-14. 

Tha  enthalpy  (enthalpy)  of  the  humid  air: 

tM=-0,24t+  (0,46/  +  .395) ilO-3  kcai/kg  dry  air,  (53) 

where  0.24t  -  enthalpy  cf  dry  air,  kcal/kg; 

0. 46td 10  ”3  -  heat  of  superheat  cr  the  water  vapors,  which  contain  in 
the  air,  kcal/kg  the  dry  air; 


5959d10~3  -  heat  of  vapcrizaticr  with  0°C,  kcal/kg  dry  air 


"miMPna 
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Fig.  13.  Graph/diagram  c t  tne  dependence  of  tfce  specific 
gravity/weight  of  oil-products  cn  the  temperature.  M12  -  petroleum 
residue  the  sailor:  H120  -  petrclaua  residue  naval;  H40  -  petroleum 
residue  furnace;  OT  and  T  -  lubricating  oils. 


Key :  ( 1)  .  t/m3  . 


Table  1.  Values  of  temperature  correction  3. 


- 

yjeubHwA 
sec  npu 
/  =  20°  C 

3 

0.90 

0.000633 

0.91 

0.000620 

0.92 

0,000607 

0,93 

0,000594 

0,94 

.0.000581 

0.95 

0.000567 

0,96 

0,000554 

0.97 

0.000541 

Key:  (1) .  Specific  gra vity/«eignt  #ith 
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§  4.  Heat  capacities. 

Heat  capacity,  cr  weignt  specific  heat,  is  called  a  quantity  cf 
heat,  necessary  for  the  keating  1  jcg  substances  on  1°C.  With  an 
increase  in  the  temperature  tte  heat  capacity  increases  (for  mercury 
it  decreases) . 

Page  25. 

The  heat  capacity  cf  imperfect  gases  dapends  not  only  on 
temperature,  but  also  cn  the  pressure,  and  it  is  subdivided  into  the 
heat  capacity  at  constant  prassura  and  the  heat  capacity  at  a 
constant  volume  c ^ 

Is  distinguished  heat  capacity  weight,  vclumetric  and  molar  in 
depending  on  that,  tc  wnat  quantitative  unit  it  is  related. 

Weight  heat  capacity  c>  Cp  oi  e9  is  measured  in  kcal/kg  °C; 
volumetric  -  in  kcal/a3  °t  aEd  molar  pc  -  in  kcal/mole  °C. 

The  heat  capacity  cf  the  water: 


c  =*0,9983— 0,005184 1 10"*  4* 0,006912 P  I0"4  Kcal/kg 


°C,  (54) 
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where  t  -  temperature  cr  water,  °C. 

Thermal  capacity  cf  water  vapcr: 

C.-C..+ 0,5311  +  1,1991  (£)’(%)" *cal/kg  °C.  <*>) 

where  =  0.  36 1  3*0 . 00 C  173bl  ♦  -  heat  capacity  with  p=0; 

p  -  absolute  pressure,  <g/m2; 

P*9-  225.05-10*  -  critical  pressure,  kg/B*; 

T*p=  273.2  +  374=647.2  -  critical  temperature,  °K; 

T  -  absolute  temperature,  ®K. 

The  heat  capacity  cf  overheated  water  vapcr  in  depending  on 
temperature  and  pressure  of  steam  -  see  appli caticns/appendices.  Fig. 
1. 


The  heat  capacity  cf  the  cil-products: 

c,=  (0,403  4- 0,0008If)  kcal/kg  °C,  (56> 

V  7is 
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where  t  -  tamperature  cf  oil-products,  °C; 

7t  s  -  the  specific  gravity/ weight  cf  cil-prcducts  with  15°C,  t/m3. 

The  graph/diagram  ct  the  dependence  of  the  heat  capacity  of 
cil-products  on  the  teaperature  ard  the  specific  gra vity/weight  is 
represented  in  Pig.  14. 

Heat  capacity  of  the  air: 

V  0,2404  +  0,0000843f  kcal/ kg  °C,  (57) 

where  t  -  temperature  cf  air,  °C. 


J 
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0,mQ  SO  100  150  200  250  JOQ  zTt°C 


Fig.  14.  Graph/curve  of  a  change  cf  the  heat 
in  the  dependence  on  the  temperature  and  the 


capacity  of  oil-products 
specific  gravity/weight. 


Key:  (1) .  kcal/kg. 
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The  graph/curve  of  a  change  in  the  heat  capacity  of  the  air, 
calculated  according  tc  fcrnula  (57),  in  the  dependence  on  the 
temperature  is  given  in  Jig.  15,  and  in  the  dependence  on  the 
temperature  and  the  pressure  -  1b. 


The  heat  capacity  cf  the  humid  air: 
c,-  0,242  +  0,474*10-* 

kcal/kg  dry  air  °C,  (58) 

where  d  -  a  moisture  content  cf  air,  g/kg. 
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The  heat  capacity  cf  the  mixture: 

r  —  <Vl*.  +  CV;ff  4-  ■  •  • 

^1*1  +  Oftf  +  ... 

kcal/kg  °C,  (59) 

where  Gt ,  G2  -  weights  cf  clenditg  agents  kg; 

tlf  t2,  temperature  ci  tee  blending  agents,  °C; 

c,,  c2  -  heat  capacity  ot  tee  blerdina  agents,  kcal/kg  °C 

The  expression  cf  the  dependence  between  the  mclar  heat 
capacity : 

K„  -  vc.  +  M/?  =  +  1 ,985,  (60) 

where  pAR=1.985  -  the  gas  constant  of  1  moles  in  the  thermal  units. 

Translaticn/conversicn  cf  molar  heat  capacity  pc  into  weight  c 


Fig.  15.  Graph/curve  of  cnanga  cr  heat  capacity  of  the  air  in 
dependence  on  temperature. 

Kay:  (1)  .  kcal/kg. 

Fig.  16.  Graph/curve  of  changa  cf  neat  capacity  cf  the  air  in 
dependence  on  temperature  and  pressure. 

Key:  (1).  kcal/kg.  (2).  eca(acs.}. 
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The  translaticn/ccn version  cf  the  weight  heat  capacity  c  intc 
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volumetric  £<*• 

*<**=“7-  (62) 

The  value  of  heat  capacities  for  different  bodies  are  given  in 
appendices  (Table  4-14  ana  Fig.  1-3). 

^  5.  Coefficients  of  thermal  conductivity. 

The  coefficient  of  tharmal  conductivity  indicates  the  ability  of 
substance  to  carry  out  heat.  Ifce  value  of  this  coefficient  determines 
a  quantity  of  heat  which  is  passed  per  unit  time  through  the  unit  of 
the  surface  of  wall  with  a  temperature  drop  cn  1°C  per  the  unit  cf 
length,  and  it  is  aaasured  in  kcal/m-hour  °C. 

The  coefficient  of  the  thermal  conductivity  of  water  in 
depending  on  temperature  is  sncwn  graphically  in  Fig.  17  and  Table  6 
cf  aoplications/append ices. 

The  coefficient  of  the  thermal  conductivity  of  the  water  vapcr: 

1  g -M*57 8 ^ ^  Kcal/n-hour  °C,  (63) 

l  +  -f 

where  c*  -  thermal  capacity  of  water  vapcr  at  a  constant  volume, 
equal  to 
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“ 0,259  +  0,00011 1 7"  ucal/kg  °C, 


1  -  absolute  tespeiarure,  °K. 


The  coefficient  of  the  tharaal  conductivity  cf  water  and  water 
vapcr  in  depending  on  teaparature  and  pressure  is  represented  curves 


Fig.  17.  Coefficient  of  thermal  conductivity  cf  water  in  depending  on 
temperature. 

Key:  (1)  .  kcal/m-hour. 

Fig.  18.  Coefficient  of  thermal  conductivity  cf  water  and  water  vapor 
in  depending  cn  temperature  and  pressure. 

Key:  (1).  kcal/n-hour .  (2).  Saturation  curve.  (3).  kg/cm2. 

Page  28. 

The  coefficient  of  tnermal  conductivity  for  the  overheated  water 
vapor  in  depending  on  teiperature  and  pressure  -  see 
applicaticns/appendices ,  Fig.  2. 
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Th  a  coefficient  cf  toe  tnarmal  conductivity  of  the  air: 


i_  0.00!67(l  +  0.00019470  /?  ... 

*■  = - - - iiT - - —  kcal/s-hcur  °C,  (64) 


1  +  ~Y 


where  T  -  absolute  temperature,  °K. 


The  curve  of  the  depenuence  of  the  coefficient  of  the  thermal 
conductivity  of  air  cn  the  temperature  is  given  in  Fig.  19,  and  20 
are  depicted  the  curves  cf  tie  ccefficiact  cf  the  thermal 
conductivity  cf  different  gases  at  pressure  760  mm  Hg  and  different 
temperatures. 

The  coefficient  of  tas  tneraai  conductivity  cf  cil  in  the  range 
of  temperatures  cf  20- 1CC°C  for  the  apprcxiaate  computations  can  be 
accepted 


*  =  0,lQ-t-0,ll  ucal/m-hour  °C.  •  (65) 

Th  a  coefficient  of  the  tneraai  conductivity  of  oil-prod  ucts>  can 
be  determined  according  tc  the  empirical  fcrsula 

1  =  JLHL  (1-0,000540  ucal/m- hour  °C,  (66) 

•t* 

where  y15  -  is  specific  werant  cf  cil-prcducts  at  temperature  of 
15°C,  t/m 3 ; 

t  -  mean  temperature,  °t. 
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Pig.  19.  Coefficient  of  tner »ai  conductivity  cf  air  in  depending  cn 
temperature. 

Key:  (1).  kcal/m-hour. 

Fig.  20.  Coefficient  of  tnetsal  conductivity  cf  different  gases  at 
pr°ssure  760  am  Hg  and  different  temperatures.  1  -  cxygen,  nitrogen 
air;  2  -  water  vapor;  3  -  rlue  gases;  4  -  cartonic  acid. 

Key;  (1)  .  kcal/m-hour. 
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This  formula  is  applied  to  the  oil-products  with  the  specific 
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■gravity/weight#  equal  tc  0.78-0.35  t/m*,  in  the  range  of  temperatures 
cf  C- 200°c. 

Fig.  21  depicts  the  coefficients  of  the  thermal  conductivity  of 
•different  brands  of  oils  in  depending  on  the  temperatures,  calculated 
according  to  formula  (66). 

It  should  be  noted  that  in  the  literary  sources  cccur  and  other 
formulas  of  the  definiticn  cf  the  coefficients  cf  the  thermal 
conductivity  of  oil- prcd  cczs  ,  which  give  contradictory  results,  in 
consequence  of  which  formula  (66) ,  and  also  existing  up  to  new 
formulas,  which  differ  from  fcraula  (66),  it  is  possible  to  examine 
only  as  those  approximated. 

Fig.  22  gives  the  curves  or  the  coefficients  of  the  thermal 
conductivity  cf  different  metals  in  the  dependence  cn  the 
temperature.  The  value  cf  the  coefficients  cf  thermal  conductivity 
for  different  bodies  -  see  applications/appendices.  Table  4-12. 
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Fig.  21.  Coefficients  ci  thermal  conductivity  cf  cil-prcducts  in 
depending  on  temperature.  1  -  cii  turbine  01;  2  -  oil  turbine  T;  3  - 
cil  diesel. 


K»y:  (1).  kcal/m-hour. 

Fig.  22.  Coefficients  ct  thermal  ccnductivity  of  metals  in  depending 
cn  temperature.  1  -  copper  is  pure/clean;  2  -  copper  99.9o/o;  3  - 
aluminum  99.7o/o;  4  -  aluminum  S9.do/o;  5  -  zinc  99.8o/o;  6  -  nickel 
99.0o/c;  7  -  iron  99.8c/c;  8  -  lead  pure/clean  technical. 

Key:  (1).  kcal/m-hour. 


F  6.  Viscosities/ductilities/rcughness. 
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Viscosity/ductility/toughness  characterizes  the  value  of  the 
molecular  cohesion/coupling  of  particles  and  depends  cn  the  fcrce  cf 
the  internal  friction,  which  appears  between  twc  layers  of  liquid 
during  their  motion. 

Viscosit y/d uctility/tougnness  is  determined  by  the  speed  of  the 
displacement/movement  cf  layers  and  by  the  properties  of  liquid.  The 
viscosity  of  liquids  with  an  increase  in  the  temperature  decreases, 
and  with  the  pressure  increase  rnsrgnif icantly  it  increases;  however, 
at  high  pressures  -  10C  atm(acs.)  and  more  -  viscosity  change  becomes 
perceptible. 

Fage  30. 

The  unit  of  absolute  viscosity  represents  the  fcrce  (tangent), 
necessary  for  the  mutual  displacement  at  a  rate  of  1  cm/s  of  two 
layers  of  liquid  in  area  1  cm*  eacn,  located  at  a  distance  1  cm  one 
relative  to  another,  ana  it  is  expressed  in  tbs  poises. 

The  ratio  of  absolute  viscosity  to  the  density  at  the  same 
temperature  is  called  kiceaatic  viscosity. 
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In  the  system  of  practical  units  is  dynamic,  or  absolute, 
viscosity  is  expressed  in  <g*s/a2,  and  kinematic  -  in  m*/s.  Viscosity 
in  the  Sngler  degrees  is  ratio  or  the  time  cf  the  discharge  200  cm3 
cf  product  to  the  time  cf  the  uiscnarge  cf  the  same  volume  cf  water 
from  Engler’s  instrument  with  ^U°C  and  is  designated  °E. 

The  dynamic  viscosity  of  the  water: 


0.0178 

•*e  1  +  0,0337 ^  T  0.00022 1 1 » 


where  t  -  temperature  cf  water,  °C. 


poises. 


(67) 


The  dynamic  viscosity  of  water  in  depending  cn  temperature  is 
represented  curve  in  Fig.  2j. 


The  dynamic  viscosity  of  gases  and  water  vapor 

=  kg. s/m*,  (68) 


where  t  -  temperature  cf  gas  or  vapor,  °C; 


T  -  absolute  temperature  cf  gas  or  vapor,  °K. 


For  the  overheated  water  vapor  dynamic  viscosity  in  depending  on 
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temperature  and  pressure  is  represented  curves  -  see 
applicaticns/appendices ,  Fay.  3. 

Dynamic  viscosity  ct  the  ear: 

l*  10* *1,712  V\+  0,003665 1 (1  +  0,0008/)*  kg*s/m*,  (6?) 
t  -  temperature  of  air,  °C. 

Fig.  24  and  25  give  the  respectively  curved  cf  the  dynamic  and 
kinematic  viscosity  cf  air  an  the  dependence  cn  the  temperature  and 
the  pressure. 

The  dynamic  viscosity  of  air,  water  vapor,  oxygen,  nitregen,  a 
also  the  kinematic  visccsaty  cf  flue  gases  in  depending  on 
temperature  are  represented  in  Fig.  26. 


/k  to* nice, 
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Fig.  23.  Dynaaic  viscosity  ct  water  in  depending  cn  temperature 
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Fig.  25. 


Fig.  24.  Dynamic  viscosity  cr  air  in  depending  cn  temperature  and 
pressure. 


Key:  (1).  kg  s/m2.  (2).  ataiafcs.). 

Fig.  25.  Kinematic  viscosity  cr  air  in  depending  cn  temperature  and 
pressure. 


Key:  (1).  m2/s.  (2).  mm  fag 
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Fig.  26.  Dynamic  viscosity  cf  air,  cxygen,  nitrogen,  of  carbon 
dioxide,  water  vapor  aro  Kinematic  viscosity  cf  flue  gases  in 
depending  on  temperature. 

Key:  (1).  kg  s/m2.  (2).  cxygen.  (i).  air.  (4).  nitrogen.  (5). 

carbonic  acid.  (6) .  water  vapor  with  760  mm  Hg.  (7) .  flue  gases. 

Page  32. 

The  effect  of  pressure  cn  the  viscosity  cf  gases  to  p=10  atm(abs.) 
can  be  disregarded/neglected. 


The  kinematic  viscosity  of  the  mixture  cf  gases  in  the 
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where  v*  -  kinematic  viscosity  of  separate  components,  ffl8/s; 


v|r  v2#  v3  -  volumetric  contests  of  separate  blending  agents,  o/o. 


The  dynamic  viscosity  of  the  oil- prod uc ts : 


I?  t*p  383  —3 


0.211 


0,968  — T 

poises,  (70) 


where  y  -  specific  gravity/weight  of  oil-prcduct  at  appropriate 
temperature,  g/cm3. 

For  the  most  commonly  used  lucricating  cils  and  the  petroleum 
residue  Fig,  27  depicts  their  Kinematic  viscosities  and  viscosity  in 
the  Engler  degrees  in  depending  on  the  temperatures,  obtained 
according  to  the  data  c i  tests. 


For  determining  the  viscosity  of  oil-prcduct  at 
prescribed/assigned  temperature  it  is  possible  tc  use  the  following 
approximation  formula  cf  recalculation: 


»p  aE«o50''1 

c'  F* — 


or 


(71) 


where  °ES o  -  viscosity  (0E)  or  xiaematic  viscosity  »M  at  50°C, 
indicated  in  the  standards  for  the  oil- products ; 


t  -  temperature  at  which  it  is  necessary  to  determine 
viscosity,  by  °C; 

n  -  exponent,  it  is  selected  on  Tables  2. 

Formula  (71)  is  applied  in  tne  range  of  temperatures  frcm  30  to 
150°C  for  the  viscosity  cf  cil-products,  which  does  not  exceed  16°E, 
but  in  the  range  of  temperatures  from  40  to  110°C  -  for  the  viscosity 
cf  cil-prcducts  more  lf°E. 
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Table  2.  Values  cf  expcneat 
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Fig.  27.  Dependence  cf  viscosity  of  lubricating  oils  and  petroleum 
residue  cn  temperature.  1  -  cil  turbine  0T ;  2  -  oil  turbine  T;  3  - 
oil  diesel;  4  -  petroleum  residue  the  sailor  M2;  5  -  petroleum 
residue  the  sailor  M20;  6  -  petroleum  residue  furnace  M40;  7  - 
petroleum  residue  furnace  M80. 

Koy:  (1).  Kinematic  viscosity  coefficient.  (2).  Viscosity  in  Engler 
degrees . 

Page  34. 

Transfer  equations  frea  seme  ones  of  viscosity  to  others: 

1)  from  the  dynamic  viscosity,  expressed  in  poises  p,,  tc  the 
dynamic  viscosity  p,  expressed  in  working  stardards: 

1  poise  *  1  dynes,  s./cm2  =  1/98.1  kg°s/m2;  (72) 

2)  from  the  dynamic  viscosity,  expressed  in  the  poises,  to 
kinematic  viscosity 

1  poise  =  7/ S € 2 . 36  m2/s;  '  (73) 

3)  from  the  dynamic  viscosity  y  to  the  kinematic  »: 


=  M  »i/s;  (74) 

p  T 

4)  from  kinematic  viscosity  »  to  tfce  dyranic  p: 

l»  —  *p  =  '*-j-  kg«s/*2;  (75) 

5)  from  the  viscosity,  expressed  in  the  Engler  degrees  (°E)  ,  tc 
the  dynamic  viscosity  p: 

j»10»=»(0,746°E--3^1Jt  kg •£/■«;  (76) 

6)  from  the  viscosity,  expressed  in  the  Ergler  degrees  (°E) ,  tc 
kinematic  viscosity  »: 

» 10*  =  (7,31  °E - 4^)  »*/«•  (77) 

Here  p  -  density,  kg»s/m4; 

y  -  specific  gravity/ weight,  kg/n3; 

g  -  acceleration  cf  gravity  m/s2. 
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The  graph/curve  of  the  recalculation  of  viscosity  from  the 
Engler  degrees  into  the  dynamic  and  kinematic  viscosity  in  depending 
on  the  specific  grav it y/ weig ht  cf  liquid  y  (t/a3)  is  represented  in 
Fig.  28. 

The  values  of  the  ccef ficients  of  viscosity  for  different  media 
are  giver  in  appendices  (Tatle  4-1*), 

8  7.  Speeds. 

Under  the  average  speed  cf  the  motion  cf  medium  or  flow  is 
understood  the  path,  passed  by  the  moving  medium  for  the  tine  unit. 
The  speed,  at  which  cccuts  tfce  trarsitior  of  stream-line  conditions 
into  the  turbulent  with  tn«  ccnstant/invariatle  viscosity  and  the 
given  diameter  of  duct,  is  called  critical  speed. 

Unit  speed  measurement  of  flow  -  a/s. 

The  determination  cf  turbulent  and  stream-line  ccnditiors  see  § 

22. 

The  speed  of  medium  according  to  the  equation  of  the  continuity 

m/s. 


(78) 
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where  G  -  expenditur e/ccnsuapticn  cf  medium,  kg/s; 

r  -  the  specific  era v ity/ weight  of  medium,  kg/m3; 

F  -  sectional  area  of  opening/aperture,  a2. 

Discharge  velocity  through  the  opening/aperture: 

■»=?]/  2*//-g-  »/s»  (79) 

where  *  -  velocity  coefficient  (see  §  25); 

g  -  acceleration  cf  gravity  of  m/s2; 

H  -  velocity  head,  m ; 

7 1  “  the  specific  gra vity/ weight  of  mediua  under  standard 
conditions,  kg/m3; 

7?  -  the  specific  gravity/weight  cf  aediua  at  its  mean 


temperature,  kg/m3 
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The  speed  of  mixture  in  tne  section 


_  OiVi  +  G^-f ...  _ 

Vtm - Gl+0,  +  ... 


(80) 


where  G x ,  G2  -  weights  cf  tne  components,  entering  the  mixtu 


vi#  v2  *  speed  of  the  components,  entering  the  mixture 


The  critical  speec  cf  tie  water: 


v. 


«■>  tid 


B/S  , 


(81) 


where  p  -  Poisson  ratic  of  viscosity  to  the  density: 

p _ ! _ 

l  +  0,0337^  +  0, 000221*?  ’ 


B=43.79  -  constant; 


d  -  inner  diameter,  m; 


t,  -  initial  temperature  cf  water,  °C. 


re,  kg 


,  m/s. 


Discharge  velocity  cf  steal  behind  the  rczzle: 
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«=»91,53?/A  b/s,  (82) 

where  <t>  -  velocity  coefficient  (see  §  25); 

A  -  adiabatic  drcp/;uap  in  the  heat: 

h~it  —  id  kcal/kg; 

i0  -  enthalpy  of  steaa  with  rczzle  entry,  kcal/kg; 

id~  enthalpy  of  steam  cn  leaving  froa  the  nozzle,  kcal/kg. 

The  critical  speed  ci  discharge  of  steal  (gas) : 

—  V  2&'v*TT1  “/s#  ^ 

where  g  -  acceleration  cf  gravity  a/s2;  Pi  -  a  pressure  of 

vapcr  or  gas,  kg/m2; 

v,  -  the  specific  vcluae  cr  vapor  or  gas,  s3/kg; 

k  -  adiabatic  index:  k=l.4  -  for  the  air  and  the  diatonic 
gases;  k=1.3  -  for  the  superheated  steam;  k*  1,135  -  for  the  dry 
saturated  steam;  k=1. 035+0,  lx  -  for  wet  steals; 
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x  -  degree  of  dryness  cf  stean. 


Speed  of  sound  in  the  gases: 


v  =  y gkplvi  */s,  (84) 


wh^re  g,  k,  pt  and  vx  -  me  sane  as  in  fcrnula  (83). 


Page  37. 


The  average  speed  cf  liquid  in  the  cylindrical  housing  with  the 
transverse  bulkheads: 


L  +  {tT~  i),t  ■/*» 


(85) 


where  L  -  distance  between  centers  of  input  and  exhaust  ducts,  m ; 


v,  -  speed  of  the  liquid  atcve  the  partition/baffle,  n/s; 


.  v2  -  speed  of  the  liquid  between  the  parti ticns/baf fles  in  the 
central  series/rcw,  b/s; 
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N  -  lumber  of  partiticns/taf  f  les ; 

N-1  -  number  of  gaps/intervals  between  the  partitions/fcaf f les 
(input  and  exit  sections  are  net  considered); 

”  average/mean  length  of  the  ga  ps/intervals  between  the 
partitions/baffles,  equal  tc  distance  between  centers  of  gravity  cf 
the  areas  of  the  segmerts  (cut  eff  by  pa rtitiens/ba f f les) ,  confined 
by  chord  s,  a; 

f  -  area  of  the  segment  above  the  partiticn/baf fie,  »*. 

The  speed  of  the  condensed  steam  in  the  capacitor/condenser: 

Vsa _ 92s - -  a/s ,  (86) 

3800  £0(1  —  -~j-  /W 

where  G  -  a  quantity  of  condensed  steam,  kg/b; 

v9  -  specific  volume  cf  steam,  a3/kg; 

L  -  length  of  steam  housing,  m; 

D  -  outside  diameter  cf  the  arrangement/pcsition  of  the  beam  of 


tubes,  m; 
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d,  -  outside  diameter  of  tubes,  ms; 


t  -  space  of  the  laying  cut  of  tubes,  urn; 


V  -  solidity/leading  tactcr  cf  the  tube  plate,  see  foraula 
<175)  . 


The  maximal  allowable  speeds  cf  steam  in  the  upper  series/row  cf 
the  tubes  of  capacit cr/ccndenser .  The  values  cf  allowable  speeds  of 
steam  upon  the  entrance  intc  the  capacitcr/ccndenser  in  depending  on 
vacuum  in  the  capacitcr/ccndenser  are  given  in  Fig.  29  and  Table  3. 
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Fig.  29.  Dependence  cf  the  maximum  permissible  speed  of  steam  upon 
the  entrance  into  the  ca pacitcr/ccndenser  on  the  vacuum. 


Key:  (1).  m/s.  (2).  atmjacs.). 


Page  38. 


In  the  contemporary  sbiptocard  capacitors/ccndensers  are  accepted 
the  higher  speeds,  which  reach  fcy  oO-lOO  a/s  with  the  vacuum  0.08 
atm  (abs. )  . 

The  speed  of  steam  in  the  central  gangway  cf  capacitor/ccndenser 
is  usually  received  as  v=j-5  a/s.  in  the  remaining  parts  of  the 
capacitor/condenser  it  is  necessary  to  attain  the  identical  speeds, 
on  the  basis  of  the  requirement  tc  prevent  the  possibility  of  forming 
air  pockets  (stagnant  places) . 


Speed  of  steam  which  carries  along  the  drops  of  the  water: 
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v  >  ]/  2,2gd^  «/s  ,  (87) 

where  g  -  acceleration  cf  gravity  a/s2; 

d  -  diameter  of  spherical  drcp,  b; 

T,  -  the  specific  gravity/weigbt  of  water,  kg/rn3; 

Tn  -  specific  gravity/ue jght  c£  steaa,  kg/m3. 

The  values  of  the  speeas  at  which  steaa  it  carries  along  drop 
in  depending  on  the  diameter  cf  drcp  and  pressure  of  steaa  p,  are 
given  in  Table  4. 
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Selection  of  rated  speeds. 

The  speeds  of  steam  v  in  tne  fcranch  pipes  cf  heat  exchangers 
usually  are  accepted: 

For  the  saturated  steam  ...  30-50  m/s. 

For  the  superheated  steam  ...  50-75  b/s. 

For  the  capacit crs/condensers  ...  10C-15C  a/s. 

The  speed  of  liquids  in  toe  branch  pipes  cf  heat  exchangers  can 
be  accepted  in  the  dependence  cn  the  speed  in  the  ccnduit/marifcld 
and  peraissible  hydraulic  resistances  in  the  apparatus;  therefore  it 
can  be  within  the  limits  cf  C.4-2.5  m/s. 

For  the  main  capacitors/cc rdensers  it  can  te  accepted  also  in 
the  dependence  on  the  expenditure  cf  cooling  water,  speed  of  vessel 
and  con3truction/design  cr  circulation  branch  pipes  and  can  teach 
2. 5-7. 5  m/s. 


Spaed  of  the  pr°heated  water  in  the  tubes  cf  preheaters  1-2.5 
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Speed  of  cooling  water  in  tne  tubes  of  capacitcrs/condensers 
1. 8-2.4  m/s. 

Usually  average  speeds  v  accept: 

for  the  single-pass  capacitcrs/condensers  with  the  self-flow 
systea  of  cooling  water  ...  1.25-2.0  n/s. 

Por  the  single-pass  capacitors/condensers  during  the  supplying 
cf  cooling  water  by  the  pump  ...  3.0  tt/s. 

For  the  capacitcrs/condensers  of  the  twc-pass  and  with  a  large 

number  courses  ...  2.4  m/s. 

The  velocity  of  cooling  ’.-rater  in  the  oil-cooking  oipes  in 
0. 4-1.0  n/s 

The  speeds  of  water  and  especially  Barine  water  are  limited  tc 
the  usually  indicated  limits,  cr  the  basis  cf  the  conditions  cf 
preventing  the  phenomena  of  corrosion  and  ercsicnn  which  considerably 
more  intensely  f low/cccur/last  at  the  higher  speeds  and  destructively 
they  act  not  only  to  the  blacks,  but  alsc  tc  the  nonferrous  metals. 


Speed  of  petroleum  in  the  tubes  of  fuel  heater  v=Q.5-1.2  m/s 
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Speed  of  oil  in  the  intercuts  space  of  oil  coolers  v  =  0.4-0.8 

ni/s. 


The  exit  velocity  cx  condensate  from  the  apparatuses  is  assigned 
in  depending  on  diversicr  ccnaiticrs  for  condensate,  local 
resistances  and  the  like  and  usually  are  accepted  v=0. 4-1.0  m/s. 

Speed  of  air-steam  mixture  in  branch  pipes  v  — 15  m/s. 

§  8.  Expenditures  and  quantities. 

Under  the  expenditure  is  urderstood  the  amount  of  liquid,  which 
takes  place  per  unit  time  through  the  ’’clear  opening  of  its  flow". 

Fage  40. 

Fluid  flow  rate  is  dateraired  from  the  fundamental  flew  equation 
-  so-called  equation  of  continuity,  continuity  or  continuity  cf  the 
motion  of  jet.  The  measurement  cf  expenditures  and  quantities  is  made 
in  the  units  of  weight  (t/h,  xg/h) ,  vcluaetric  ones  (mJ/h,  1/s)  and 
thermal  (keal/h) . 

For  the  gases  and  the  vapors,  i.e.,  elastic  liquid,  volumetric 


flow  rate  is  not  characteristic  value  as  a  result  of  the  possibility 


F/6  13/1 
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of  their  expansion  or  ccapressj.cn,  and  in  this  case  it  is  necessary 
to  use  the  weight  flew  rate,  whicn  are  a  constant  value  for  all 
sections. 

The  flow  equation: 

Q  vJi  =  =  const,  (88) 

where  vt,  v2  -  speeds  cf  flew,  */s; 

ft,  f2  -  sectional  area  cr  rlow,  a*. 

The  expenditure  of  liquid  cr  gaseous  substance  according  to  the 
equation  cf  the  continuity: 

G  — ~  *9/s,  (89) 

where  u  -  speed  cf  asdics,  b/s; 

F  -  sectional  area,  a2; 

v  -  the  specific  veluae  cf  sedium,  a3/kg. 

Flow  of  the  cooling  water: 

ig/h,  (90) 


-  ,  & 
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where  Q  -  the  quantity  cx  heat,  transferred  tc  water,  kcal/h 


c  —  the  heat  capacity  cf  water,  kcal/kg,  °C; 


tt  -  initial  teaperature  cx  water,  °C ; 


t2  -  the  final  teaperature  cf  water,  °C. 


Expenditure  is  vapct: 

G  kg/h,  (9*) 

l  —  q 

where  Q  -  a  quantity  of  heat,  kcal/h; 


’i=l,02-  coefficient,  woica  ccnsiders  the  heat  lcsses; 


i  -  enthalpy  of  steaa,  kcal/kg; 


q  -  enthalpy  of  liguxd,  kcal/kg. 


1 
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Heat  consumption  can  be  determined  according  to  one  of  the 
following  expressions 


Q  =  Dc(t.  —  tJ^KKUAjiac 

Q  =  D  (t  —  q)  (r&ciaIkic 

\  0 

Q  =  -F(ti-  tx)  KKdAhiac 

CD 

Q  —  kF\t  KKaAjnac 


(92) 


Key :  ( 1)  .  kcal/h . 


where  D  -  a  quantity  of  heated  substance,  kg/k; 

c  -  heat  capacity  of  substance  with  mean  temperature,  kcal/kg  °C* 


t,  -  initial  temperature,  °C; 


t2  -  final  temperature,  °C; 


i  -  enthalpy  cf  steam,  xcal/kg: 


g  -  enthalpy  ct  liquid. 


kcal/kg ; 


X  -  coefficient  cf  the  therual  conductivity  cf  wall, 
°C; 


1 


kcal/n-hcur 
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s  -  wall  thickness,  a; 

F  -  surface  of  heating  cx  ccoling,  a2; 

k  -  coefficient  cf  heat  transfer,  kcal/n2h  °C; 

At  -  avsrage/mean  logarithaic  difference  in  the  teaperatures , 

°C. 

A  quantity  is  steaa,  that  is  foraed  by  the  spontaneous 
evaporation: 

G  —  kg/h,  C93> 

where  w  -  aaount  of  liquid,  which  enters  the  apparatus,  kg/h, 

gt  -  enthalpy  of  the  liquid,  which  enters  the  apparatus, 
kcal/kg; 

g 2  -  enthalpy  cf  liquid,  which  corresponds  to  pressure  of  steaa 
in  the  housing  of  apparatus,  kcal/Kg; 


r  -  heat  of  vapcx izaticn ,  kcal/kg; 


1 
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c  -  heat  capacity  cx  liguia  with  Bean  temperature,  kcal/kg 

°C ; 


tt  -  temperature  cf  the  liquid,  which  erters  the  apparatus,  °C; 

t2  -  temperature  cf  liquid,  which  corresponds  to  pressure  of 
steam  in  the  housing  cf  apparatus,  °C. 

Graph/curve  for  determining  a  quantity  cf  steam,  generatrix  by 
spontaneous  evaperatior  fxca  1  a3  cf  hot  water  (having  saturation 
temperature) ,  in  depending  on  lowering  in  the  pressure  above  the 
surface  of  evaporation,  is  giver  in  Pig.  30. 
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Fig.  30.  Graph/curve  of  tne  determination  of  a  quantity  of  steam,  the 
forming  with  the  inciderce/dicp  pressure  abc*e  th-s  surface  of  hot 
water. 


Key:  (1).  The  quantity  cf  steam  that  is  isolated  to  1  m3  cf  hct 

water,  lcg/m3.  (2)  .  Prassure  ox  steam  1  ata(ats.).  (3).  atm(ats.). 
(h), Water  pressure,  atm„(abs,). 
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The  expenditure  cf  water  rcr  the  va porizer/evapcrator 

W=-s^s.  ‘•J/b.  (94) 

where  D  -  productivity  of  vaporizer/evapcrat cr ,  kg/h; 

Sv  -  salinity  of  brine  in  the  housing  cf  vapcrizer/evaporator,  °B 
(Brandt) ; 

S0  -  salinity  of  the  water,  vnach  enters  the  vapcrizer/evaporator. 


The  additional  expenditure  cf  feed  water  for 
vaporizer/avaporator  with  tne  supply  by  its  fclcwcff  water  frcn  the 
toiler: 


Sp-s; 


(95) 
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where  D,  S9.  St  -  the  same  as  in  fcraula  (S4)  ; 


-  salinity  of  the  distillate  cf  vaporizer/evaporator,  °B; 


Dnp  -  quantity  of  blowofi  toilet  water,  kg/h; 


Snp  -  salinity  of  blowoff  cciler  water,  °E. 


A  quantity  of  circulating  water  in  the  circulation 
vaporizers/evaporators  can  be  determined  according  to  the  formula 


Dr 


t/b  (96) 


where  D  -  productivity  cf  vapcrizer/evapcratcr,  tons/day; 


r  -  heat  of  vaporization  at  the  appropriate  pressure  in  the 
vaporizer/evapcrator ,  kcal/xg; 


c  -  heat  capacity  of  the  entering  water  evaporator,  kcal/kg  of  ®C 

tt  -  temperatures  of  the  entrance  cf  water  into  the 
vaporizer/evaporator  frcm  tte  preheater,  °C; 

t2  -  temperature  of  the  output  cf  trine  frcm  the 
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vaporizar/evaporator ,  °C. 

Consumption  curves  cr  water  rcr  the  circulation 
vaporizer/evaporator  of  airferent  productivity  in  depending  cn  a 
difference  in  the  temperatures  cf  water  with  the  entrance  into  the 
vaporizer/evaporator  and  the  cutput  from  it  (for  the  operating 
pressure  in  the  vapori2er/evaporatcr  p=0.3  atn(afcs.))  are  given  in 
Fig.  31, 

From  Fig.  31  it  is  evident  taat  the  consumption  cf  the 
circulating  water  grcvs/rises  with  a  decrease  cf  a  difference  in  the 
temperatures  and  an  increase  in  tne  productivity  of 
vaporizer/evaporator . 


t 

j 

i 
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Pig.  31.  Curves  of  the  dependence  cf  the  consumption  of  water  on  the 
productivity  of  circulaticn  vapcrizer/e vapor atcr  and  difference  in 
the  temperatures  of  water  with  the  entrance  and  the  output  from  it. 

Kay:  (1).  Quantity  of  circulating  of  water  t/h.  (2).  productivity. 
(3).  tons/day.  (4).  Difference  ir  temperatures. 

Fage  43. 

A  quantity  of  air-tlast  trine  from  the  vaporizer/evaporator: 

VP,  —  IF  —  D  =  D j~s^  (97) 


where  w,  D,  Sv  S ,  ~  th<?  saffle  as  formula  (^4)  ; 


DOC  =  90040203  FAGc 

Concentration  of  trine  in  the  housing  cf  the 
vaporizer/evaporator : 


e _ VSt  —  DSt  q  c 

W9  c' 


(98) 


where  W,  S0,  D  -  the  sane  as  in  formula  (94)  ; 


SM  -  salinity  of  the  distillate  cr  va por izer/e vaporator ,  °B; 

-  quantity  of  air-blast  mine  from  vaporizer/evaporator,  kg/h. 

The  time,  which  corresponds  to  the  achievement  of  the 
concentration  of  brine  accepted  in  the  hcusinc  cf  the 
vapor izer/ evaporator : 


hour,  (99) 

Kj 

where  Sp,  S9  -  the  same  as  in  formula  (94); 

Vt  -  volume,  occupied  ty  water  in  the  housing  of  vaporizer/evaporator 
to  the  datum  level,  the  a3; 


Vi  -  volume  of  the  water,  wnicn  evaporates  during  one  hour,  m3/h 


\  ■ 
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The  curves  of  the  coefficient  of  the  purging  of 
va porizer /evaoorator  in  depending  on  the  salirity  of  feed  marine 
water  and  brine  in  the  fccusing  ci  vapcri zer/e *a pcra ter  are 
represented  in  Fig.  32. 


Fiq.  32.  Coefficient  of  tne  purging  of  vaporizer/evaporator  in 
depending  on  the  salinity  or  feed  aarine  water  and  trine. 

Key:  (1).  Coefficient  cr  the  purging  of  vapcrizer/e vaporator .  (2). 
Coefficient  of  purging.  (J)  .  Salinity  of  seawater,  °B.  (4)  .  Salinity 
cf  brine,  °B.  (5) .  Salinity  or  water  S0,  °B. 

Page  44. 

The  quantity  of  oxygen,  intrcduced  ty  the  deaerated  water  into 
the  deaerator: 

G«  =  a,  B^IO-3  kg/h#  (100) 

where  <*«  -  content  of  dissolved  oxygen  in  the  water,  deternired  cn 
the  curve  of  Fig.  33,  in  depending  on  the  tenperature  of  water  at  the 
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barometric  air  pressure  760  am  tig,  saturated  by  water  vapor,  the 

■  <7/2-: 

W  -  quantity  of  deaerated  water,  t/h. 

After  the  admissicr  into  the  deaerator  cf  the  mixture,  which 
consists  of  the  condensate  cx  different  condensates  and  additions  of 
feed  water,  quantity  of  oxygen,  introduced  by  water  mixture,  it  is 
ceterained  frcm  the  fcrnula 

<?.  =  «ir  +  a;nr  +  ...)ur*  xg/h,  (ioi) 

where  a', a*  -  content  of  dissolved  oxygen  in  the  water,  determined  on 
Fig.  33  for  each  comporert,  mg/1; 

ft  * ,  W"  -  a  quantity  of  deaerated  water,  t/h. 

The  quantity  of  dissolved  gases  of  air,  introduced  by  the 
deaerated  water  into  the  deaerator: 

Gr  =  arW\QT*  xg/h,  (102) 

where  ar  -  content  of  the  dissolved  gases  of  air  in  the  water. 


det°roiined  on  the  curve  cf  fig.  j3  in  depending  cn  the  temperature  cf 
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water  at  the  baroaetric  axr  pressure  760  an  Hg,  saturated  by  water 
vapcr,  mg/1; 

H  -  quantity  of  deaerated  water,  t/h. 


1 


a  a  au<a.v  607ostsa  mfz 

Fig.  33.  Oxygen  content  and  air  m  the  water  at  a  barometric  pressure 
760  mm  Hg  in  depending  cr  the  temperature  of  water. 

Key:  (1).  the  content  of  gases,  mg/1».  (2).  Air.  (3).  Oxygen. 

Page  45. 

A  quantity  of  gases,  introduced  by  water  mixture,  is  determined 
analogously  with  a  quantity  cf  cxygen  [see  fcrirula  (101)]. 

A  quantity  of  vapcr  (steam-gas  mixture),  driven  cut  from  the 
deaerator,  if  we  disregard/neglect  an  insignificant  residual/remanent 
quantity  cf  dissolved  cases  in  the  deaerated  water,  is  found  ty  the 
formula 


G„  =  C7r(l  +  0,622-g-)  kg/h. 


(103) 
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where  P»  -  partial  pressure  or  the  vapor  [see  formula  (8)  ]  in  the 
deaerator,  atm(abs.); 

Pr  -  partial  gas  pressure  above  the  surface  cf  water  in  the 
deaerator,  determined  according  to  the  formula 

Pr—^  atm  (abs.),  (I04) 

where  a,  -  contents  of  dissolved  oxygen  and  dissolved  gases  of  air 
in  the  water  the  mg/2  [sea  formulas  ( 100)o«j(  1 C2)  ]; 

P»-  partial  oxygen  pressure  above  the  surface  cf  water  in  the 
deaerator,  determined  according  to  the  formula 

atm  (abs.)  ,  (105> 

Fo  *  physical  atmosphere,  agual  to  1.033  atm (abs.); 

-  calculated  (final)  cxygen  content  in  the  deaerated  water,  the 
mg/2;  for  the  shipboard  ceaerators  usually  is  accepted  ^  =  0,03 
«g/2; 


k=2-3  -  ratio  of  equilibrium  oxygen  pressure  in  the  vapor  to  partial, 
necessary  for  guaranteeing  the  prescribed/assigned  (final)  oxygen 
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content  in  the  deaerated  water; 

a0  -  constant  of  the  weight  solubility  of  oxygen  cr  solubility  of 
oxygen  ir.  the  water  at  its  pressure  above  the  water  760  gg  Hg#  ag/Z; 
it  is  determined  on  the  curve  of  Fig.  34  in  depending  on  temperature. 

Values  au,  a„  a0,  pn  and  pt,  entering  formulas  (103)-  (105), 
independent  of  pressure  in  the  deaerator,  they  are  accepted  cr  are 
calculated  at  a  pressure  of  the  pnysical  atmosphere  how  is  achieved 
the  retention/preser vaticn/maintaining  constant  value  Pr  due  to  an 
increase  in  value  />„,  i.e.  due  to  tne  increase  in  the  vapor,  which 
ensures  intensity  and  Ugh  guality  of  deaeration. 

From  formula  (103)  it  fellows  that  independent  of  pressure  in 
the  deaerator  a  quantity  of  vapor  always  must  be  connected  with  the 
partial  pressure  of  nor-ccndensacle  gases  Pn  and  consequently,  with 
their  consumption. 

Page  46. 

By  a  small  change  iE  the  values  of  gas  constants  of  the  vapor 
and  of  the  non-ccndensa tie  gases,  entering  formula  (103)  in  the  form 
of  the  permanent  relation,  equal  to  0.622,  with  a  change  of  the 
pressure  in  tha  deaerator  it  is  possible  to  disregard. 
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A  guantity  is  of  vapor  tnat  contains  in  the  vapor: 

=  Gem  ~  Or  kg/h.  (106) 

The  effect  of  the  value  ci  vapor  on  the  depth  cf  the 
deoxygenation  of  water  is  sactD  in  Fig.  35,  and  36  are  givan  the 
curves,  which  show  the  oxygen  content  in  the  water  in  depending  on 
its  underheating  to  the  toiling  point. 
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a  <0  ?.0  JO  * O  50  60  70  80  90  tOOtC 


Fig.  34.  Weight  solubility  cf  oxygen  in  depending  on  temperature  at 
its  pressure  above  the  kater,  egual  to  760  n  Hg. 


Key :  (1)  .  mg/1. 
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0  20  50  so  so  too  120  tt 
Fig.  36. 


h-3*- 

Effect  of  the  value  of  vapor  cn  the  depth  of  the  decxygenaticn  of 
water. 

Key:  (1).  rag/1.  (2).  Relative  value  of  evaporation. 


DOC  *  80040203  PAGE  0 

Fig.  36.  Oxygen  content  in  water  in  depending  cn  its  underheating  to 
toiling  point. 

Key:  (1).  Oxygen  content,  ci  ’/t.  (2).  underheating. 

Page  47. 

As  can  be  seen  froa  Fig.  35,  the  value  cf  vapor  with  respect  to 
the  consumption  of  heating  steam  ter  obtaining  gualitative  deaerated 
water,  it  composes  altogether  only  1.5-2c/o.  However,  since  they  are 
possible:  1)  the  distur tance/breakdown  of  the  conformity  of  feed  cf 
vapor  with  the  water  supply,  which  unavoidably  with  the  manual 
control  leads  to  the  systematic  underhea tings  and  the  "breaktbro ughs" 
cf  oxygen  into  the  feed  water  and,  therefore,  tc  an  overall  increase 
in  the  oxygen  content  in  it;  2)  the  incidence/impingement  of  gases 
into  the  deaerator  net  only  with  the  deaerated  water,  but  also 
heating  with  those  condensing  tj  vapor  even  3)  gas  permeation  into 
the  deaerator  through  the  leakages/lccseresses  cf  apparatuses  and 
conduits/manifolds,  that  ter  guaranteeing  the  gualitative  deaeration 
the  value  of  vapor  expedient  tc  support  in  the  limits  of  4-6  kg/t  cf 
the  deaerated  water,  whica  composes  3.5-5o/c  cf  the  consumption  of 
heating  steam. 


The  expenditure  cf  working  vapor  for  steam-air  ejector  can  be 
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determined  according  to  ci  the  curves  of  Fig.  37,  refined  according 
to  the  data  of  practice,  in  appending  on  the  degree  of 
rarefaction/evacuaticn  in  the  capacitor/condecser  and  on  the 
size/dimension  of  ejector. 

Curve  1  gives  relation  Gn:0,  (flow  rate  of  working  vapor  in 
kg/h  to  a  quantity  of  air,  driven  cut  from  the  capacitor/condenser  in 
kg/h)  for  one-  and  two-stage  ejectors  of  small  sizes/dimensicns  with 
the  consumption  of  working  vapor  tc  60  kg/h;  curve  2  -  for  two-  and 
three-stage  ejectors  with  tne  consumption  of  working  vapor  from  60  to 
100  kg/h;  curve  3  -  for  tae  same  ejectors  with  the  consumption  of 
working  vapor  from  100  tc  300  kg/n  and  curve  4  -  for  the  large 
ejectors  with  the  consumption  cf  working  vapor  is  more  than  3C0  kg/h. 

The  distributions  of  the  total  consumption  cf  working  vapor 
according  to  the  steps/stages  is  expedient  tc  determine  of  the 
conditions  of  the  identical  initial  vapor  pressure  cf  working  of  each 
step/stage,  identical  minimum  sections  of  nozzle,  but  taking  into 
account  the  pressure  in  the  chamber  of  mixing.  In  this  case 
tentatively  it  is  possible  tc  accept  the  consumption  cf  working  vapor 
on  the  steps/stages  equal  ones,  since  virtually,  as  a  result  cf 
different  pressures  after  the  ncizie,  they  will  differ  little. 


The  quantity  of  air  entering  the  Condenser: 


1)  for  high-pressure  turbines 

G»s"2§b+1*36  kg/h  (I07) 

2)  for  nedium-and  low-pressure  turbines 

C7.=  1,5  +  1,36)  kg/h  (108) 

3)  for  niston  engines 

G.”2(l»+1*36)  k’/h  (l09) 


Fiq.  37.  Expenditure  of  working  vafccr  for  steaa-air  ejector  in 
depending  on  rarefacticn/e-vacuaticn  and  quantity  of  air. 


Key:  (1).  Ear  e  fact  ion/e  vacuatic  r  no  Hg.  (2).  ratio 


where  G„  ~  quantity  cf  ccnuensed  vapor  in  capacitor/condenser,  Jcg/h. 


A  quantity  of  air  in  the  capacitor/condenser  with  the  varying 

load: 

G.  -  20^0  (O'330.  +  0.670,,)  k  j/q  #  (110) 

where  Gn  -  quantity  of  ccnuansed  vapor  at  rated  lead  cf 
capacitor/cond9nser,  Kg/h; 
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Gus  -  quantity  of  condensed  vapcr  with  this  lead  of 
capacitor/condenser,  icg/h. 

Quantity  of  air-steam  Mixture,  driven  cut  from  the 
ca  pac it or /con den  ser : 

Gcll  =  C.(l+ 0,622*)  xg/n.  (lll> 

A  quantity  of  vaper  that  contains  in  the  air-steam  mixture: 

0. - kS/b#  (112) 

1  +  1.61-?- 
Pa 

where  G,  -  quantity  cf  air,  driven  out  from  the  capacitor/condenser , 
kq/h; 

P*  -  partial  air  pressure,  si  Hg; 

Pa  -  partial  pressure  cf  vaper,  am  Hg. 

A  quantity  of  air,  wnich  is  contained  in  the  air-steam  mixture. 


is  determined  frem  fcriula  ( 1 C e j 
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A  quantity  of  moisture,  ksacc  evaporates  during  moistening  of 
the  air: 

l*  =  <7.  (dt  -  dH)  10"3  kg/h,  (113) 

where  Cr.  -  quantity  cf  ncisterec  air,  kg/h; 

dn,  -  initial  and  final  moisture  content  of  air,  g/kg. 

Quantity  of  emitted  heat.  During  the  calculation  of  the  heat 
losses  into  the  surrounding  space  cy  the  heated  surfaces  of 
apparatuses  one  should  ccnsider  bcth  the  heat  less  by  convection  and 
by  emission. 

Fag®  49. 

The  first  of  these  losses  can  be  determined  according  tc  formula 
(92),  the  second  -  according  tc  formulas  (134)  cr  (115). 

The  total  quantity  cf  given  up  by  wall  heat  into  the  surrounding 


space  is  determined  by  tfca  sub  cf  these  losses. 
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A  quantity  of  heat,  emitted  b y  hot  body  into  the  surrounding 
space,  calculated  according  tc  the  Stef a n-Bc ltsmann  foraula: 

<^-cK5iy-(W4]  -«v.-h  (iu) 

cr  according  to  the  formula 

Q4r**'a*rt(^«t  to*p)  lccal/a2h,  (115) 

where  7*„  —  273,2  + "  absolute  teaparature  Qf  the  wall,  heat-radiating, 
°K  ; 

7"o«*  =—  273,2  -+- -  absolute  temperature  of  the  surrounding  space,  which 
obtains  heat,  °K ; 

C  -  radiation  factor,  depending  on  surface  condition,  the  kcal/m2h 
(°K) 4 .  (Values  of  value  C  they  axe  given  in  Table  14); 

-  radiation  coefficitnt  frca  the  wall  in  the  surrounding  space 
[see  foraula  (160)]. 

§9.  Coefficients  of  heat  transfer  and  heat  emission. 

The  heat  transfer  in  tne  heat  exchangers  is  conducted 
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simultaneously  by  the  metacd  of  the  thernal  conductivity  (transition 
of  energy  within  the  body  free  its  one  particle  it  is  direct  to 
another)  and  by  the  metned  cf  convection  (transition  of  energy  in  the 
form  of  heat  together  wita  tha  single  material  particles,  which 
contain  this  heat). 

The  convective  heat  exchange  can  occur  fceth  with  the  free  and 
with  the  constrained  metien  cf  liquid.  The  «cticn  of  liquid,  caused 
cn  a  difference  in  the  densities  of  the  heated  and  cold  particles,  is 
called  free.  Constrained  action  is  created  by  the  external  exciting 
forces  -  pumps,  compressors,  fars,  agitators. 

During  the  heat  exchange  distinguish  the  phenomena  the  heat 
emissions  and  heat  transfer.  Heat  emission  is  characterized  by  the 
coefficient,  which  measures  a  quantity  of  heat  which  is  transferred 
from  the  heating  body  tc  the  wall  cr  from  the  wall  to  the  heating 
body.  Heat  transfer  is  characterized  by  the  ccefficient,  which 
measures  a  quantity  cf  heat  wfcicb  is  traesferred  from  the  heating 
body  to  that  heated.  Thus,  ccefficient  of  heat  transfer  or  heat 
emission  is  called  the  guantity  ct  heat,  transferred  by  the  unit  of 
surface  for  the  time  unit  witn  a  difference  it  the  temperatures  of 
media  in  1°C. 


Fage  50 
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In  the  metric  system  the  coefficients  of  heat  transfer  or  heat 
emission  are  measured  ir  tne  xcal/a2h  °C. 

The  equivalent  thscial  units,  mechanical  and  electrical  energy 
are  expressed  by  the  following  dependences: 

1  KKaA  =  427  kzM\ 

1  A^c.  —  632,3  KkaAjtac ; 

I  liSik  =  860  kk§aJ  tac. 

Key:  (1).  kcal.  (2).  kg.-m.  (3).  hp.  (4).  kcal/h.  (5).  kH. 

The  coefficient  of  heat  transfer  depends  on  many  factors.  Thus, 
for  instance,  in  the  capacicors/ccndensers  it  depends: 

1)  from  the  side  cf  water  on  the  rate  cf  motion,  temperature  of 
water  and  degree  of  contamination  cf  the  tubes; 

2)  from  the  side  cf  steam  from  the  content  of  air  in  a  s team, 
steam  load  on  the  coding  surface,  the  f crmaticn/educations  cf  water 
film  on  the  tubes,  the  location  cf  the  cooling  tubes  and  depth  of  the 
cooling  beam. 


In  depending  on  these  factors  the  coefficient  cf  heat  transfer 
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can  change  in  relation  1:J. 


Similarity  criteria. 


For  determining  the  coefficients  of  heat  transfer  is  been 
commonly  used  the  law  cf  similitude,  which  consists  in  the 
combination  of  theoretical  and  experimental  methods. 


The  application /appendix  of  the  law  of  similitude  to  the  study 
of  heat  transfer  made  it  possible  tc  establish/install  the  dependence 
between  seme  dimensionless  guantities  -  similarity  criteria.  Best 
commonly  used  are  the  following  similarity  criteria. 


Heynclds  number  characterizes  the  relation  cf  the  forces  of 
inertia  and  viscous  forces  in  the  fluid  flow  and  is  expressed  by  the 
dependence 


Nusselt's  criterion 
for  the  boundary  liquid 

Peclet's  criterion 
convective  heat  exchange 


Re  =  —  = 


(U6) 


characterizes  the  intensity  cf  heat  exchange 
-  wall  and  is  expressed  by  the  dependence 

N“ -X*  (H7) 

cnar acterizes  heat  fluxes  during  the 
and  is  expressed  by  the  dependence 


Pe 
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(118) 
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Prandtl  number  characterizes  the  physical  properties  of  liquid 

and  is  ex  pressed  fcy  the  depenaerce 

p  Pe  3600*  3600ii^c 

Re~  a  =  \ 

Grashof’s  criterion  characterizes  interaction 
viscous  forces  and  is  expressed  cy  the  dependence 

Gr— Up. 

Here  a  -  heat-transfer  ccefriciert,  kcal/m2h  °C; 

d,  *1*  -  linear  dimension,  diameter  cf  duct  or  length,  m; 


(119) 

cf  lifts  and 

(120) 


x  -  coefficient  of  thermal  ccndtctivif y,  kcal/m-hcur  °C; 


v  -  cate  of  motion  of  liquid  or  gas,  m/s; 


m  -  coefficient  of  dynamic  viscosity,  kg«s/ni2; 


V  -  kinematic  viscosity  coefficient,  mz/s; 


c  -  heat  capacity  (at  a  constant  pressure),  kcal/kg°C; 


g  -  acceleration  of  gravity  m/s2; 
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y  -  specific  gravity/weight,  kg/a^; 

a=\/cr  -  coefficient  of  taeraal  diffusivity  {characterizes  the  rate 
cf  temperature  balance  in  the  unevenly  heated  fluid  flow  or  gas)  , 
m2/h; 

0  -  coefficient  of  linear  expansion  of  liquid  or  gas,  V°C; 

At  -  difference  in  the  reap exatures,  °C. 

Over-all  heat-transfer  coefficients  from  the  heating  medium  to  that 
heated  through  the  wall, 

1.  Through  single-layer  flat/plane  wall 


l 

T  T  r  Kcal/a*h  °C,  (121) 

•,  +  i  +  «, 


where  a4  -  heat-transf er  coefficient  front  heating  medium  to  wall, 
-h 

kcal/m2) r  °C; 


s  -  wall  thickness,  u; 


X  -  coefficient  of  heat  conductivity  of  naterial  of  wall,  kcal/m- 
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hour  °C; 


a2  -  heat -transfer  coefficient  from  wall  tc  heated  aediua,  kcal/n2h 
°C. 


2.  Through  aultilayer  flat/plane  wall 


±+*L+*l  +  ...+  *l  +  ±  xcal/a2h  °C,  (122) 

•i  4  »«  «j 

where  ~  thickness  c£  walls  (layers),  a; 

-  coefficient  of  thernal  conductivity  cf  aaterial  of  walls 
(layers)  ,  kcal/m-  hour  °C. 
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3.  Through  single-layer  cylindrical  wall 


‘“rTT3r,CiV,!i  °c  (1S3) 


4.  Through  the  aultilayer  cylindrical  wall 
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where  d,  -  cylinder  tore,  a; 

dz 

u.  ^  -  outer  diameters  or  cylinder  and  layers,  m; 
da  -  outer  diameter  of  latter/last  n  layer,  a; 

In  -  natural  logarithm. 

If  the  wall  thickness  of  cylinder  is  insignificant  in  comparison 
with  th*=  inner  diameter  and  the  thickness  of  the  layer 
(insulation/isolation)  and  comprises  less  that  1/20  diameters,  then 
in  this  case  the  coefficient  of  heat  transfer  can  be  calculated  as 
for  the  flat/plane  wall. 

5.  Through  finned  wail: 


1)  for  unit  of  smeeth  surface 
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2)  for  unit  of  finned  surface 


k—- : — z. - — z. - r  *cal/m2h  °C,  (126) 

l  r  j  S  rj  1 

<*!  f-'t  +  *  f-'l  +  IT 

where  II  -  ratio  of  sacoth  surface  to  that  finned; 

Ft 

fx  -  ratio  of  finned  surface  to  smooth. 
i-i 

Pig.  38  depicts  the  fanned  wall  with  a  thickness  of  s#  the 
coefficient  of  thermal  conductivity  of  which  is  equal  to  X.  Cne  side 
cf  this  wall  with  finneds  cf  the  same  material.  From  hair  side  the 
surface  is  equal  to  F,,  wnile  with  that  finned  -  P2;  the  latter  is 
comprised  from  the  surface  cf  edges/fins  and  surface  cf  wall  itself 
between  the  edges/fins. 


•  r -.SB 
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Fig.  38.  Coefficient  of  heat  transfer  through  the  finned  wall. 
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Particular  coefficients  cf  heat  transfer. 

The  simplified  determination  cf  the  coefficients  of  heat 
transfer  from  the  vapor  to  the  water  for  the  ca pacitcrs/condensers 
can  be  recommended  according  tc  the  following  approximation  formula 
resulting  data  which  answer  the  character  of  the  curves  Fig.  39;  this 
formula  gives,  however,  somewhat  the  higher  values 

k-i 42 Vv  i;',^  17.8  °c.  (127) 

where  v  -  a  rate  of  water  in  tubes,  a/s; 

ttp  -  mean  temperature  cf  water,  °C. 
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The  curves  of  the  ccef f icient  of  heat  transfer  for  the  trass 
tubes  with  a  diaaeter  cf  19  ma  are  given  in  Fig.  39.  The  values  cf 
coefficient  of  k  of  heat  transfer  are  given  saxiaun,  attained  in  the 
virtually  pure/clean  cap acit crs/cc ndense rs  cf  good 
construction/design  witn  certain  supply. 


\ 


?ig .  39.  Coefficient  of  beat  transfer  frcm  the  vapor  to  the  water 
depending  on  th°  rate  and  zampsiature  of  coding  water  for  brass 
tubes  with  a  diameter  cl  19  si. 

Key:  (1).  To  (over  the  external  surface)  kcal/m2h  °C.  (2).  Mean 
temperature  of  cooling  water.  (3).  a/s. 
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Por  the  tubes  with  a  diaaeter  of  16  mm  k  it  increases  by  2o/o 
For  the  tubes  with  a  diameter  cr  25  mm  k  it  decreases  by  3o/c.  Por 
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the  German  silver  tubes  k  it  descends  to  lOc/c  and  for  the  steel 
tubes  -  by  17-20o/o. 

These  coefficients  cf  heat  transfer  are  determined  for  the 
capacitors/condensers,  designed  with  At  taking  into  account  the 
effect  of  steam  resistance. 

For  obtaining  the  averag6/mean  value  of  coefficient  cf  k’  the 
obtained  coefficient  k  in  fcraula  |127)  cr  in  Pig.  39  should  be 
multiplied  by  0.8-0.85  tc  account  tor  the  effect  of  surface 
contaminations  and  inconstancy  cf  ether  factors,  noted  on  page  50. 

The  coefficient  of  heat  transfer  for  the  capacitors/condensers 
according  to  the  data  ct  VTI  is  determined  by  the  formula 

Kcal/mzh  °C ,  (128) 


-here  x*0.12a(t  +  0,15) f. ; 

a=0.8-0.85  -  the  coefficient,  which  considers  surface  contamination 
cf  the  ceding; 


v  - 


rate  of  water  in  the  tunes 


*/s; 
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d%  -  inner  diameter  cf  tune,  bid; 

f.  -  temperature  of  coclang  water  in  the  capacitcr/condensar ,  °C; 

<t>,  -  factor,  which  considers  the  effect  cf  a  number  of  courses  of 
water  in  the  capacit cr/ccnaenser , 


dJ,  =  1  +  jq  ^1+  35  Jj 

number  of  courses  cr  water  an  the  capacitcr/condensar; 


factor,  which  considers  the  effect  cf  the  steam  load  of 
capacitor/condenser  0  [sea  formula  (161)  ];  1  for  the  nominal 

steam  load  or  changing  witait  the  limits  frcm  L/» „»  to  t/rp  =  %  Umu, 
whera  %  «=0.9  —  0,0l2f#;  <t>,  —  3  (2  —  3)  rci  U<U,f,  where  3  =  -^-. 

The  coefficient  of  neat  transfer  for  the  capacitors/condensers 
cf  steam  engines: 

fto  =  0,8fc  ncal/m2h  °C, 

where  k  -  the  coefficient  of  neat  transfer,  determined  in  formula 
(127)  or  in  of  tha  curves  or  rag.  j9; 


h 
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number  0.  8  -  the  coe f ^iciant ,  which  considers  the  presence  in 
capacitor/condenser  of  c  il,  introduced  with  the  wapcr  in  the  dustlike 
state. 

Page  55. 

The  coefficient  of  heat  transfer  fox  the  vaporizers/evaporators 
and  the  distillers  (from  tne  vapor  to  the  boiling  brine  of  marine 
water)  is  determined  or  cf  the  curves  of  Fig.  4C  in  depending  on  the 
temperature  of  primary  (heating}  and  secondary  steam. 

During  the  practical  calculations  of  vapcrizers/evaporators 
should  be  considered  the  degree  of  surface  contamination  of  heat 
exchange,  the  effect  of  air  atd  the  nonurif criity  of  the  distribution 
of  heat- transfer  agent,  which  make  the  coefficient  worse  of  heat 
transfer  against  that  theoretically  calculated.  This  effect  is 
considered  by  the  correction  factor  8r  which  is  introduced  in  the 
form  of  factor  to  the  ccefticiect  cf  heat  transfer,  found  in  of  the 
curves  of  Fig.  40.  The  value  cr  correction  factor  8  is  accepted 
within  the  limits  from  0.8  to  C.9  in  depending  on  the  salinity  of 
marine  water  and  brine  ir  tne  housing  of  va pcrizer/e vaporator .  The 
larger  salinity  of  water  and  trine  answers  the  smaller  value  cf 
coefficient  and  vice  versa. 
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The  coefficient  of  heat  transfer  frcm  the  vapor  to  the  petroleum 
residue  depending  on  the  rare  aid  mean  temperature  of  petroleum 
residue  is  determined  cn  tne  yrapn/curve  Fig.  41. 

The  curves  of  grapn/curve  are  constructed  according  to  the  data 
of  tests  for  the  course  cf  the  admiralty  fuel  cil  N12  in  the  steel 
tubes  with  a  diameter  ci  17/13  aa. 
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Fiq.  40.  Coefficient  of  hsat  transfer  for  the  vaporizers/evaporators 
in  depending  on  a  difference  in  the  temperatures  (between  the 
temperature  of  the  saturation  of  primary  and  secondary  steam)  and  the 
temperature  of  the  evaporation  of  water. 

Key:  (1).  Vaporization  temperature.  (2).  To  kcal/m2h  °C. 

Page  56. 

The  coefficient  of  heat  transxer  from  the  vapor  to  petroleum 
residue  B  20  and  a  40  can  be  with  sufficient  precision/accuracy 
determined  by  the  dependence: 


(•29) 


*..=**,£  *cdl/m2h  °C, 
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where  *i  -  the  correction  factor,  which  considers  a  change  in  the 
brand  of  petroleum  residua  and  taxen:  £,  =  0,93  -  for  petroleui  residue 

M  20,  =  0,87  -  for  petroleum  residue  M  40; 

k  -  coefficient  of  heat  transrar  from  the  vapcr  to  petroleum  residue 
M  12,  determined  in  the  graph/ccrve  Pig.  41. 

The  coefficient  of  heat  transrar  from  the  vapor  to  the  petroleum 
residue,  which  takes  place  in  the  tubes  with  sstablished/installed  in 
them  retarders,  can  be  determined  the  dependence 

Kcal/«2h  °C,  (130) 

where  «,  -  correction  coefficient,  which  considers  the  effect  of 
retarders  in  depending  cr  rata  and  mean  temperature  of  petroleum 
residue,  determined  in  the  graph/curve  Pig.  42; 

km  -  coefficient  of  heat  transfer  from  the  vapcr  to  the  petrcleum 
residue  of  this  brand,  determined  cn  formula  (129)  and  graph/curve  of 
Pig.  41. 


As  retarders  were  applied  the  flat/plane  steel  strips  with  a 
thickness  of  1  am  and  the  spirals,  convoluted  from  the  same  bands 
with  different  space  of  twistirg. 
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Tests  showed  that  vitn  viscous  notion  of  petroleum  residue  in 
the  tub-*,  which  usually  occurs  m  the  fuel  heaters,  the  decrease  cf 
the  space  (from  300  to  5C  as)  ox  spiral  retarders  or  the  replacenent 
by  their  flat/plane  ones  does  net  exert  a  substantial  influence  on  an 
increase  in  the  coefficient  of  heat  transfer. 

The  coefficient  of  heat  transfer  from  the  vapor  to  oil  in 
depending  on  rate  and  Bean  teaparature  of  oil  is  determined  on  the 
graph/curve  Fig.  43. 


0,5  ',0  1,5  (Sf  2,0 

V  m/ceH 

Fig.  41.  Coefficient  of  hear  transfer  from  the  vapor  to  the  petroleum 
residue  in  depending  or  its  rate  ard  mean  temperature. 


Key:  (1),  To  the  kcal/s*b  °C.  (2).  Mean  temperature.  (3).  m/s 


WV  >,o  U  (3)  W 

V  mjcek 


Fig .  43.  Coafficisnt  of  heat  transfer  from  vapor  to  oil  in  depending 
on  its  rate  of  mean  tenperature. 

Key:  (1).  Mean  temperature.  12).  Xcal/m2h  °C.  (3).  m/s. 

Page  58. 

The  curves  of  graph/curve  are  constructed  according  to  the  data 
of  tests  for  the  course  cf  cils  cr  brands  T  ard  OT  in  the  copper 
tubes  with  a  diameter  cf  10/8  si. 
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Tentative  limits  cf  the  values  of  the  coefficients  of  heat 
transfer  k  (kcal/m*h  °C)  in  the  shipboard  heat  exchangers: 

frcm  one  gas  to  the  next  ...  25-40 

from  the  gas  to  the  water  ...  5G-1C0 

from  one  water  to  the  next  ...  1QCC-2000 

frcm  the  condensable  vapor  to  the  water  ...  250C-3500 

frcm  the  condensable  vapcr  tc  the  air  ...  80-140 

from  the  condensable  vapcr  to  oil  ...  10C-350 

frcm  the  condensable  vapcr  to  the  petroleum  residue  ...  100-400. 

General/common/total  heat-transfer  coefficients. 

Heat-transfer  coefficient  during  the  free  convection  (free 
motion)  of  liguid,  gas  (vapor)  in  the  large  vclume  is  determined  frcm 
the  formula  of  M.  A.  Hihfceev 

j«Cy (GrPr)"  Kcal/m2h  °C,  <I31) 


i 
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where  X  -  coefficient  ci  the  theraal  conductivity  of  medium, 
kcal/m-hour  °C; 

d  -  determining  sizs/ditsensicn  (diameter),  a; 

Gr  -  Grashof's  criterion; 

Pr  -  Prandtl  number; 

c,  n  -  coefficients. 

The  values  of  coefficients  cf  c  and  n  ars  given  in  Table  5. 

Formula  (131)  is  applied  tor  any  drcp  ones  and  gaseous  liguids, 
for  the  vertical  and  hcrizontal  ducts  (wires) ,  the  hcrizontal 
plates/slabs  and  the  spheres  cx  any  size/dimeEsicn.  In  this  case,  if 
the  exothermal  surface  cf  plate/slab  is  turned  upwards,  then  the 
obtained  from  formula  (131)  value  cf  coefficient  increases  by  30o/c, 
but  if  the  exothermal  surface  is  turned  downward,  then  value 
decreases  by  30o/o. 

As  the  determining  size/ui  mansion  is  accepted  the  diameter,  and 
for  the  plates/slabs  -  smaller  side  of  plate/slab. 
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Table  5.  Values  of  coefficients  of  c  and  n. 


— nrn 

PeiNHM  JBMKeHHfl 

(GrPr) 

e 

It 

•fijwUHapHbjfl 

M<ra -r  5- 10* 

1. 180 

1/8 

ricpc.xoaiiwii  (3) 

5  IO*-r  2- 101 

0,546 

1/4 

Typ6y.icHT:iuH  (  V) 

2  10*  -r  l  ion 

0.135 

1/3 

Kay:  (1).  State  cf  motion.  (2).  Laminar.  (3).  Transient.  (4). 
Turbulent . 
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As  the  determining  temperature  is  accepted  mean  temperature  of 
boundary  layer,  determined  according  to  formula  (16). 

The  coefficient  cf  heat  transfer  with  forced  viscous  motion  cf 
liquid,  gas  (vapor)  in  the  auct  is  determined  from  the  formula  of  I. 
T.  Alad’yev 

« *=  0,74 -j- ReM (GrPr)wPrM  *cal/a*h  °C,  (,32> 

where  X  -  coefficient  cf  the  thermal  conductivity  of  medium, 
kcal/a-hcur  °C; 


d  -  diameter  of  duct,  a; 
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Pe  -  Reynolds  number; 

Pr  -  Prandtl  number; 

Gr  -  Grashof's  criterion. 

Formula  (132)  is  applied  for  the  horizontal  and  stand  pipes,  and 
also  for  ducts  and  chattels  of  acy  section;  it  this  case  instead  of 
the  diameter  of  ducts  is  sucstituted  the  equivalent  diameter  of 
section. 

In  the  vertical  position  ci  ducts  and  with  the  coincidence  of 
the  directions  of  the  free  and  constrained  action  the  coefficient  of 
the  heat  emission  in  15c/o  than  lower  calculated  according  to  formula 
(132),  while  in  opposite  direction  -  in  15o/c  is  above. 

As  the  determining  size/di aension  is  accepted  the  diameter  of 
duct  or  the  equivalent  diameter  of  section,  while  fcr  the  determining 
temperature  -  temperature  cr  boundary  layer. 

If  the  length  of  duct  ^<50  d,  then  the  obtained  value  according 
to  the  formula  must  he  multiplied  ty  correction  factor  s>  (Table  6). 
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Heat-transfer  coefficient  with  the  forced  turbulent  motion  of 
liquid,  gas  (vapor)  in  the  uuct,  and  also  with  the  longitudinal 
washing  of  the  bank  cf  tunes  is  determined  from  the  formula 

a  =  0,023 -jr Re^Pr0-4  *cai/a*h  °C,  (133) 

where  the  designations  the  same  as  in  formula  (132), 

Formula  (1-33)  is  applied  tc  tne  drop  and  elastic  liquids  for 
ducts  and  channels  of  any  section,  and  also  for  the  longitudinal 
external  washing  of  the  fcanxs  cf  tubes  with  B«>1»10*  and  Pr=0. 7-2500, 
also,  at  temperature  of  tne  wail  lower  than  toiling  point  of  liquid, 
and  also  for  the  superheated  steam  by  pressure  tc  100  atm(abs.)  with 
Pe4  2  •  1 0  * . 
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Table  6.  Values  of  coefficients 


t!  d 

l 

2 

.5 

10 

15 

20 

30 

40 

50 

.Si 

1.9 

1,7 

1.44 

1,28 

1.18 

1.13 

1.05 

1.02 

1.0 
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As  the  determining  size/di mension  is  accepted  the  equivalent 
diameter  of  duct  and  fci  the  deterxining  temperature  -  mean 
arithmetic  temperature  cf  liquid. 

with  -^-<50  the  obtained  value  for  a  must  te  multiplied  fcy 

a 

correction  factor  (Table  7)  . 

Formula  (133)  is  valid  also  for  ring  crcss-secticn  d !/d2=0. 1- 1 . 0 
in  the  case  of  heat  <=xcna nge  with  the  external  (larger)  surface. 

For  the  ring  crcss-secticn  and  the  heat  exchange  with  the 
internal  surface  the  formula  takes  the  fcrm 

« =» 0,023 -jj- ( Re','8Pr<M  ‘cai/ffl2h  °C,  (134) 

where  dt  -  an  outside  diameter  cf  core  tube; 
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d;  -  inner  diameter  of  tody  tute. 

Heat-transfer  coefficient  during  the  transient  mode/conditions. 
Motion  is  unstable.  Bejnclds  nuafcer  is  within  the  limits  of  Be  from 
2200  to  10000. 

In  this  case  of  formula  (132)  and  (133)  the  heat  emissions  for 
the  laminar  and  turbulent  mcde/condition s  are  net  applied,  but  their 
extrapolation  is  not  admitted. 
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Table  7.  Values  of  coefficients  h 


Re 

■ 

1  * 

10 

15 

20 

30 

40 

50 

■  I 

1.65 

1.34 

1.28 

1.17 

1,13 

1,07 

1,03 

1.0 

BSS 

1.51 

1,40 

1,27 

1,18 

1.13 

1.10 

1.05 

1.02 

1.0 

■1 

1.34 

1.27 

1.18 

1 , 13 

1,08 

1.04 

1,02 

1.0 

■jfSSg 

1.28 

1,22 

1,15 

1.10 

S113j 

1,06 

1,03 

1,02 

1.0 

mam 

1.14 

1.11 

1.08 

1 

1,04 

1,03 

1.02 

1.01 

l.o 
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For  determining  the  neat-transf ar 
transient  mode/conditicrs  it  should  be 


coefficient  during 
used  the  following 


the 

dependence 


a=Nu-^-  kcal/m2h  °C, 


( 135 ) 


where  Mu  -  Nusselt's  criterion,  determined  in 
He,  Pr  and  products  GrEr3  on  the  graph/curve 
formula  (136); 


depending  on  criteria 
Fig.  44  or  according  to 


X  -  coefficient  of  the  thermal  conductivity  of  medium  at  mean 
temperature,  fccal/m-hour  °C; 


d  -  diameter  of  duct,  a 


1,5  Z  3  k  5  6  8  10*  1,3  2Rt 


Fig.  44.  Graph/curve  of  haat  amission  during  tbs  transient 
Bode/conditions. 
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Approximate  value  cf  Nusselt's  critericn  Nu  for  the  transient 


aode/conditions  through  the  grajih/carve  Fig.  44  is  located  in  a 
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following  manner: 

1)  cn  the  ordinate  at  value  Re^==t0*  is  plctted/deposited  the 
value  of  Prandtl  number  Er,  calculatad  at  meat  temperature  of  medium 
(point  A)  ; 

2)  on  the  ordinate  at  value  ReKp  =  2200  is  plctted/deposited  the 
value  cf  the  product  cf  criteria  Gr  PrJ,  calculated  at  mean 
temperature  of  boundary  layer  (pcint  B)  : 

3)  points  A  and  B  are  connected  by  the  straight  line  AB ; 

4)  on  the  axis/axle  cf  abscissas  is  plctted/deposited  the  value 
cf  criterion  Re  for  the  transiant  mode/ccndit iens  (pcint  C) ,  and  frem 
point  C  is  set  up  ordinata  aefore  the  intersection  with  the  straight 
line  AB  (point  D) ; 

5)  by  the  value  cf  ordinate  CE  is  determined  the  unknown  value 
cf  flusselt’s  criterion  Hu  during  transition  acde/conditions. 

Approximate  value  cf  Nusselt*s  criterion  Nu  during  the  transient 
mode/conditions  can  be  also  determined  according  to  the  formula 

Nu  =*  (Nut  —  Nu„)  Re~Jf--  4-  Nu,.  (136) 

where  No,  -  Nusselt's  criterion,  calculated  fer  Re«p*®104  according  to 
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formula  ( 1 33)  ; 

Nu,  -  Nusselt's  criterion,  calculated  for  Re«p  =  2200  according  to..---"' 
formula  (132)  .  " . 

The  coefficient  of  heat  transfer  during  the  transverse  flow 
around  duct  by  liquid  and  gas  (vapcr)  is  determined  from  the  formulas 
of  V.  I.  Gomelauri: 

For  the  liquids 

a =  c 4-Re"Pt*4  *cal/m*h  °C.  (137) 

a 


For  the  gases 


c^r-^-Re"  KCal/m*h  °C,  038^ 

where  c  and  n  -  the  coefficients,  which  depend  cn  the  value  cf 
criterion  Re  (Table  8)  . 
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Table  8.  Value  of  coefficients  cr  c  and  n. 


^  KpMTCpilrt 
PeftHOJbdca  Re 

AJlfl  3KH4KOCTII 

Koj<J)^iUHeHT  e 
a.™  rasa  (napa) 

n 

54-80 

0,930 

0,810 

0,40 

804-5000 

0,715 

0,625 

0,46 

50004- I0J  000 

0,226 

0,197 

0.60 

Key:  (1).  Reynolds  number.  (2).  Coefficient  c  for  liquid.  (3). 
Coefficient  c  for  gas  (vapor). 
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Remaining  designations  the  sane  as  in  the  preceding/pra vious 
formulas. 

Formulas  (137)  and  (138)  are  applied  fcr  the  drcF  ones  and  the 
the  elastic  liquids  with  tne  wasmng  of  single  ducts. 

As  the  determining  size/di  mansion  is  accepted  the  diameter  of 
streamline  tube,  while  fcr  the  determining  temperature  -  mean 
temperature  of  liquid. 

The  rate  of  flow  is  determined  in  the  narrowest  section  cf 
channel. 


- '  ,  JAW 
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Heat-transfer  coefficient  daring  the  transverse  flow  arcund  the 
bank  of  tubas  of  gas  (air)  is  detsrmined  on  S.  V.  Litvinov's  formula: 

a  =  c*-j Re"  <  Kcai/»2h  °C,  (13®) 

where  the  values  cf  coefficients  cf  c,  «  and  n  depend  on  the 
schematic  cf  run  of  pipes  in  the  ceam,  a  number  cf  series/rcws  and 
distance  Sx  between  the  axes/axles  of  ducts  in  the  series/row. 

Tha  values  of  ccef f icients  or  c,  «  and  n  are  given  in  Table  9; 
remaining  designations  the  same  as  in  the  preceding/previous 
formulas.- 

The  schematics  cf  run  cf  pipes  in  the  teams  are  given  in  Fig. 

45. 


Formula  (139)  is  applied  fcr  the  air  and  the  flue  gases. 


The  rate  of  flow  relates  tc  the  narrowest  section  in  the  beam 


(series/row) 
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As  the  determining  size/dimension  is  accepted  the  diameter  of 
duct,  while  for  the  determining  temperature  -  mean  teaperatuxe  of 
flow. 


The  heat-transfer  coefficient  with  the  cress  flew  of  air, 
calculated  according  tc  forauia  (139) ,  is  valid  only  for  the  cases 
when  angle  1>,  comprised  ny  direction  of  flew  and  by  axis/axle  of 
duct,  called  angle  of  attack,  is  egual  to  90°.  At  angle  '!>,  different 
from  90°,  the  value  cf  heat-transfer  coefficient,  feund  from  formula 
(139),  should  be  multiplied  by  coefficient  obtained  from  the 

graph/curve  Fig.  46. 

Heat-transfer  coefficient  in  rent  tube  is  determined  frea  the 
formula,  derived  on  the  tasis  of  experimental  data: 

*w“  (l  4- 1,77  a  KK^lMP-iac0 C,  (140) 

Ksy:  (1).  k.cal/a2h. 

where  a  -  heat-transfer  coefficient  fer  straight/direct  ducts, 
kcal/m*h  v _ s  °C; 


DOC  =  80040204 


E  AG  t 


d  -  diameter  of  duct,  si; 

R  -  radius  cf  curvature  of  duct,  na . 

Heat-transf er  coefficient  in  bent  tube  ether  conditions  being 
equal  will  be  more  than  in  tha  straight  line.  This  increase  occurs 
due  to  the  disturbance/trsaicdcw  n  of  the  laminarity  of  the  flew  in  the 
rotation,  which  creates  the  conditions  cf  acre  intense  heat  exchange. 
With  aa  increase  in  the  radius  cf  curvature  cf  duct  the  coefficient 
of  heat  transfer  decreases. 


* 
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Pig.  45.  Schematics  cf  run  cf  pipes  in  the  teams:  a)  corridor;  b) 
checkered . 

Fig.  46.  Dependence  of  near  eaission  of  duct  cn  angle  of  attack  ’!'■ 
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Particular  heat-transfer  coel f icients. 


Heat-transfer  coefficient  a  for  the  water:  1)  for  the  water, 
which  takes  place  in  tufce  or  channel  of  any  section  with  laminar 
flow,  a  is  determined  frca  tcrnula  (132)  ; 

2)  for  the  water,  which  takes  place  in  the  tube  with  turbulent 

flow, 

KKctitM'-nac  °C,  (141) 

Key:  (1)  .  kcal/m2h. 
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where  A  — (1190  +  21,5  tc,-0,0t 5  /•«,); 

v  -  speed  of  water,  m/a; 

d  -  diameter  of  tube,  m; 

1*9  -  mean  temperature  cf  water,  °C. 

Values  A,  va*.  are  sjrven  in  tables  10,  11  and  12. 
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Nomogram  makes  it  possible  tc  determine  hea t -t ransf er  coefficient  for 
different  mean  temperatures  of  water  and  different  diameters  cf  tubes 
in  the  dependence  on  the  s^eed  ci  water  in  the  tubes.  The 
determination  of  heat- transfer  coefficient  in  the  ncmogram  is  shown 
by  the  arrows/pointers ; 

3)  for  the  water,  which  flews  around  about  the  tubes  during  the 
free  convection  (free  mcticn)  ,  <t  are  determined  from  formula  (131); 

4)  for  the  water,  which  flews  around  about  the  tubes  at  low 
speeds, 

«  —  0,5  A.  Re°-6Pr93  K/c/A'-Kac  °C:  (142) 

Kay:  (1)  .  kcal/m*h. 

where  X,  d.  Re  and  Pr  -  the  same  as  in  the  designation  of  similarity 


criteria 
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V  0, >  45  45  44  42  44  45  4#  £5  #  4*  45  45  45  3.2  4* 

9  */cei((Aj 


Fig.  47.  Nomogram  for  d6taraa.nj.ng  the  heat-transfer  coefficient  from 
th<»  wall  to  the  water  and  fees  the  water  to  tie  wall. 

Key:  (1).  kcal/m2h.  (2).  a/s. 
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5)  for  the  water  during  :ne  transverse  flew  around  tube  a  it  is 
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determined  from  formula  (137); 

6)  for  the  Hater,  whicn  ficus  around  about  the  tubes  lengthwise 
with  the  turbulent  metier,  d  is  determined  frem  fcriula  (133); 

7)  for  the  boiling  water 

22p<>JS‘  if”3  ieitij^M‘l-Hac  °C,  (143) 

Key :  ( 1 ) .  kcal/a 2h. 

where  p  -  pressure  in  container,  atm(abs.)  ; 

At  -  difference  ir  tne  temperatures  between  the  surface  of  wall 
and  the  boiling  water,  °C. 

Fig.  48  gives  the  curve  cf  heat-transfer  coefficient  a  for  the 
boiling  water  in  the  dependence  ca  a  difference  in  temperatures 
t„  —  t,  (between  the  wall  and  the  water)  at  the  atmospheric  pressure 
of  the  boiling  liquid.  Curve  consists  of  two  sections,  which  are 
shared  with  the  point  ct  the  critical  temperature  bead  (by  difference 
in  the  temperatures)  ,  equal  tc  accut  25°C)  . 


DOC  =  80040204 


E  AG  t 


it-tcmW 


Fig.  48.  Heat-transfer  coefficient  for  the  tciling  water  in  depending 
on  a  difference  in  the  cemperat ures  between  the  wall  and  the  toiling 
water . 

Key:  (1)  .  kcal/m2h. 

Page  68. 

The  solid  line  of  curve  is  located  in  linits  cf  5-25°C  of  the 
temperature  head:  it  is  calcularea  according  tc  formula  (143)  for  the 
atmospheric  pressure. 
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Laws  governing  the  haat-tr ansfer  coefficient,  located  in  other 
limits  of  the  temperature  aead,  are  different.  An  increase  in  the 
temperature  head  higher  than  critical  leads  tc  a  sharp  reduction  in 
the  heat-transfer  coefficient  ter  the  boiling  water. 

Heat- transfer  coefxicient  <t  for  the  oil-prcducts:  1)  for  the 
cil-products,  petroleua  rasidue  and  oil,  which  take  place  in  the 
tubes  with  viscous  action,  * 

a  =  13,2  -j  Pe0,23  (-L'j  as  kkoa^m'-ioc  °C,  (144) 

Key:  (1)  .  kcal/m2h. 

where  X  -  coefficient  cf  the  theraal  conductivity  of  oil-product, 
kcal/m  -A  °Cj 


d  -  diameter  of  tube,  a; 


l  -  length  of  tube,  a; 


Pe  -  Peclet’s  criterion. 


The  motion  of  oil-proaucts  usually  cccurs  with  laminar  flow; 

/ 

2)  for  oil,  which  tlows  around  about  the  tubes  across. 


la  550  V  — V  (1  +  0,006fep)  kh£i)m*-hoc  °C,  (145) 
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Key :  (1)  .  kcal/m  2h. 

where  v  -  speed  of  oil,  a/s; 

t  -  space  of  tubes,  mo; 

An  -  outside  diameter  cf  tubes,  qq; 

-  mean  temperature  cf  oil,  °C. 

Fig.  49  gives  curves  of  heat-transf er  coefficients  for  the  oil 
coders,  calculated  according  tc  formula  (145)  in  the  dependence  on 
the  speed  and  mean  teraperatura  Oils  also  of  the  space  of  tubes.  Hith 
the  space  of  tubes  21  si  the  heat-transf er  coefficient  increases  by 
9c/o,  while  with  the  space  2C  am  -  to  22c/o; 

3)  for  the  oil- products ,  preheated  in  the  cistern  by  coils  (heat 
emission  with  the  free  action) , 

4  ___  /$\ 

a  — * 1,57  y  -  KKaAjM^-tac  °C;  (146) 

Key:  (1)  .  kcal/m2h. 

4)  for  tha  oil- prca ucts,  which  take  place  along  stand  pipe, 

a  =  2,61  —^e  kkoa/m^hoc  °C;  (147) 

Key:  (1).  kcal/m2h. 
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5)  for  the  oil- prcd ucts.,  which  take  place  along  horizontal  duct, 

a=l,91  yrt-^~  KKOA^M'-HaC  °C,  '  (148) 

Key:  (1).  the  kcal/a2h. 

where  t„  -  temperature  cf  wall,  determined  according  to  formula 
(19),  oc; 

t  -  temperature  of  cil-f icducts,  °C; 

*  -  kinematic  viscosity  coefficient,  m*/s; 

d „  -  outside  diameter  cf  coil,  a. 

Heat-transfer  coefficient  icr  the  condensing  water  vapor:  1)  for 
the  vertical  wall  or  the  stand  pipe 

i» «=  A  y XKOJ^J^-tac  °C,  (149) 

Key:  (1)  .  kcal/m2h. 

where  A  =*Q,943y/r'££  depends  or  temperature  of  determined 
according  to  formula  (If)  or  (il); 
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r  -  heat  of  vaporization,  Kcai/kg; 


H  -  height  of  wall  cr  duct,  a; 


-  temperature  of  the  condensable  vapcr,  °C 
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Pig.  49.  Heat-transfer  coefficient  for  the  cil  coders  in  depending 
cn  speed  and  mean  temperature  of  oil,  which  takes  place  between  the 
tubes  with  a  diameter  cf  16  in  ana  with  space  22  am. 

Key:  (1).  kcal/ra*h.  (2).  flean  teaperature  cf  cil.  (3).  m/s. 

Page  70. 

*ct-  teaperature  of  wall,  determined  according  to  formulas 
(17) - ( 1 9)  ,  °c ; 

r  -  the  specific  gravity/ weignt  cf  condensate,  kg/m3; 

x  - 


coefficient  of  thermal  conductivity,  kcal/m- h 
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M  -  viscosity  of  condensate,  kg«s/n2. 

Values  A  are  giver  in  Tacle  13; 

2)  for  the  inclined  wail 

“  a«  V sin  f)  Kxdji}M*-Hac  °Q 


(150) 


Key :  (1)  .  kcal/m2h. 

where  *»  -  heat-transfer  coefficient  frcn  the  condensable  vapor  to 
the  vertical  wall  or  ttufce,  the  kcal/m2-  h  i 

3  -  angle  of  the  slope  of  wall  to  the  horizontal  plane; 

3)  for  the  horizortal  duct 

^  =  0,774  KKcf!itiMt~Hac  °C,  (151) 

Key:  (1)  .  kcal/m2h. 

where  dn  -  outside  diaaeter  cf  duct,  m; 

A,  r,  t,  and  fCT  -  the  saae  as  in  forsula  (149)  ; 


4)  for  the  bean  of  tne  horizontal  ducts  (arranged/located  by  one 
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under  another  so  that  the  condensate  of  upper  duct  it  flows  cn  lower) 

4  _  -  . 

-"Vi  KKaA}M%~HOC  °C,  (152) 

Key:  (1).  kcal/m2»h. 

where  *P  -  heat-transf e i  coefficient  for  the  upper  duct; 

n  -  number  of  ducts,  arranged/located  cn  the  vertical  line  under 
each  ether. 

Fig.  50  gives  the  nemograa  for  determining  the  heat-transfer 
coefficient  from  the  condensable  vapor  to  the  wall  for  the  vertical 
and  horizontal  location  cf  walls,  calculated  according  to  formulas 
(149)  and  (151). 
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Table  13.  Values  A. 


trp 

A 

ftp 

A 

D 

D 

frp 

D 

*rp 

D 

D 

0 

1147 

30 

1495 

60 

1795 

90 

2075 

120 

2330 

150 

2570 

180 

2775 

□ 

1890 

100 

2160 

130 

160 

2640 

190 

2835 

13,7 1 

1985 

no 

2245 

140 

170 

2710 

a 
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On  the  nomogram  the  value  a  is  determined  in  depending  on  the  product 
cf  the  height/altitude  cf  ball  cr  bean  of  tubes  to  a  difference  in 
the  temperatures  of  the  condensable  vapor  and  wall  and  on  the 
temperature  of  boundary  layer  cf  determined  according  to  formula 
(16)  or  (21)  ; 


5)  for  the  condensable  vapor  within  the  horizontal  ducts  and  the 

coils  9 

* 1=3  (3400  +  100v0)j/I|i  KKa^Mx-H.ac  °C, 

Key:  (1).  kcal/m2h. 

where  v0  -  speed  of  steaa  with  entrance  intc  the  duct,  m/s; 


l -  length  of  duct  cr  ceil,  a; 
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6)  for  the  condensable  vapcr  within  the  stand  pipes  a  are 
determined  from  formula  (143) . 

Heat-transfer  coefficient  for  the  condensable  aoving/dr iving 
vapor,  which  contains  air,  is  determined  frca  empirical  fcraula  VTI 

- glnFT  kmaIm'-hoc  °C,  (153) 

K?y:  (1).  kcal/m2«h. 

where  trj  -  the  mass  flew  rata  cf  air-steam  mixture  in  the  wide 
section  of  channel,  kg/a2s. 
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Fig.  50.  Ncaogram  for  detaraining  the  heat-transfer  coefficient  frcm 
the  condensable  vapor  to  me  wall* 


K«y:  (1).  for  the  horizontal  location,  1C3  kcal/ra* -h^C.  (2).  for 

vertical  run,  103  kcal/a2«h°c.  (3).  or. 
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Q 

A,  n  -  values,  which  depend  cn  the  content  cf  air  in  vapor 

and  the  temperature  cf  aixture  fen,  to  equal  temperature  of  steam  f/7 J 

determined  on  the  curves  cr  the  graph/curve  Fig.  51  and  52; 


at  -  the  temperature  heao  (dirference  in  the  temperatures  of 
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mixture  and  the  walls  cf  duct)  ,  °C. 

Formula  (153)  is  cttained  according  to  experimental  data  for  the 
horizontal  beam  cf  the  trass  aucts  with  a  cutside  diameter  cf  19  mm 
and  by  space  between  tfcea  cr  xd  an  at  tn  =  30-=-80°C;  M'—Z-ir-  15°C; 
trr  -=0,1  -i-3,0  kg/m2s  and  e  =  0^0,3  kg/kg. 

Heat-transfer  coefficient  fcr  the  overheated  (not  condensing) 
vapor  is  determined  frca  formula  (133). 

It  is  necessary  tc  keep  in  mind  that,  if  the  temperature  of  the 
wall  lower  than  temperature  of  saturaticr,  then  the  condensation  of 
the  superheated  steam  f lcws/ccc urs/lasts  then  good  as  saturated. 

Therefore  heat-transfer  coefficient  for  the  superheated  steam  is 
defined: 

1)  according  to  for*uia  (149) as  for  the  condensable  vapcr,  if 
the  temperature  of  the  wall  lower  than  temperature  cf  saturation  of 
steam; 


2)  according  to  formula  (133) as  for  the  overheated  (not 


condensing)  steam  (or  cases),  if  the  temperature  cf  the  wall  higher 
than  temperature  of  saturation. 
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During  the  determination  or  heat-transfer  coefficient  for  the 
condensing  superheated  steam  sncuid  be  allowed  its  temperature  of 
saturation  at  the  appropriate  pressure,  tut  net  the  temperature  of 
overheating. 
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Fig.  51.  Value  of  value  A  in  depending  on  the  content  of  air  in  steam 
and  the  temperature  cf  air-stea«i  mixture. 


Key:  (1) .  kg/kg. 
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Heat -transfer  coefficient  for  any  gas  and  air:  1)  for  the  gas 
and  the  air,  which  takes  place  in  auct  or  charnel  of  any  section  with 
viscous  motion,  heat-transrer  coefficient  is  determined  from  formula 
(132)  ; 

2)  for  the  gas  anc  the  air,  wnich  takes  place  in  the  duct  or 
which  flows  around  about  the  it  lengthwise  during  turbulent  mcticn, 
heat-transfer  coefficient  is  determined  frc®  fcrsula  (133)  ; 
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3)  for  the  gas  and  the  air  with  the  transverse  of  the  flew 
around  the  ban*  cf  tubes  neat-transfer  coefficient  is  determined  frem 
formula  ( 1 39)  ; 

4)  for  the  air  (free  convection  or  at  the  speed  of  motion  is  not 

more  than  0.5  m/s)  with  tna  vertical  run  of  the  flat/plane  or 

cylindrical  walls  ,  v 

<  _  0) 

a  =  2,2  V —  t,  KKajij °C;  (154) 

Key:  (1).  kcal/m2«h°C. 

5)  for  the  air  during  the  horizontal  location  of  the  flat/plane 
wall,  turned  by  the  heat-transmitting  surface  upward  [condition  for 
air  circulation  as  for  the  formula  (154)  ] 

a  =  2,8)h^- 

KKaA^Mt-Kac  °C;  (155) 

Key:  (1).  cal/m2«h°C. 
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Pig.  52.  Value  of  value  c  in  depending  on  the  content  of  air  steam 
and  the  temperature  cf  air-steaa  aixture. 


Key:  (1)  .  kg/kg. 
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6)  for  the  air  during  the  horizontal  location  of  the  flat/plane 
wall,  turned  by  the  heat-transmitting  surface  down  [condition  for  air 
circulation  as  for  the  formula  (154)  ] 


4  _  A) 

a  =  1 , 13  /fcr  —  kkciaI mP-hoc  °C; 


Key:  (1)  .  kcal/iti2«h°C. 


7)  for  the  air  during  the  horizontal  location  of  the  cylindrical 
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walls  [condition  for  air  circulation  as  for  the  formula  (154)] 

«  _ _  /.l 

a  1 ,02  j/ tsL-~-  kkuaI M?-nac  °C.  .  (157) 

Key:  (1).  kcal/m 2«h°C. 


where  tn  -  temperature  cf  wall,  °C; 


f,  -  temperature  of  s  cr  rounding  air,  °C ; 


d*  -  outside  diameter  cf  duct,  ■; 


8)  for  the  environment  (air)  from  the  surface  of  the  walls  of 
apparatuses  and  pipes  in  the  clcsaa  location  at  temperature  cf 
heat-transfer  agent  frc»  0  tc  150°C 

a  ^  8,4  -J-  0,06  (fCT  —  t9)  k k.cla °C.  (158) 

Key:  (1).  kcal/m2«h°C. 

In  this  formula  is  considered  the  convection  and  emission  with 
4.  6  kcal/m2*h  (°K)  ♦. 

Heat-transfer  coefficient  fcr  the  humid  sir 

*»»  =5*cyi  kkcIaI °C,  (159) 

Key:  (1)  .  kcal/m2«h°C. 

where  a^  -  heat-transfer  coefficient  fcr  the  dry  air,  kcal/a2*h°C; 


DOC  =  80040204 


EAGE  |gf$ 


€  -  coefficient  cf  moisture  removal,  determined  in  the  formula 

6—1  L  J  r  —  *'■<  . 

r  <cp-'cr  C,  ’ 

where  d  -  a  moisture  content  cf  air,  g/  1c a ; 


r'p  -  mean  temperature  cf  air,  °C; 

^-r  -  temperature  of  the  surface  ci  wall,  °C; 

r  -  heat  of  vaporization  with  fcp,  kcal/kg; 

-  enthalpy  of  moisture  cn  the  surface  of  wall,  kcal/kg; 

c •  -  average/mean  heat  capacity  of  the  air,  kcal/kg°c. 

Tentative  limits  cf  the  values  of  heat-transf er  coefficients  a 
in  kcal/m2*h°C: 

during  heating  and  coding  air  ...  10-150. 

During  heating  and  ceding  cf  superheated  steam  ...  20-100. 


During  heating  and  ceding  pertroleum  products  ...  150-600. 
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During  heading  and  ceding  Hater  ...  200-10000. 


During  boiling  of  water  ...  5U0-450C0. 


During  the  condensation  of  Hater  vapors  ...  4000-15000. 


Page  75. 

Radiation  coefficient. 

Heat  transfer  can  be  acccap lished/r ealized  also  by  a  method  of 
emission.  With  the  heat  transrer  from  the  wall  tc  the  surrounding 
space  simultaneously  witt  xne  ccnvecticn  always  has  the  place  and  the 
emission  whose  intensity  depends  cn  the  degree  of  the  warmth  of  the 
surface  of  wall. 

The  radiation/emissicn  of  heat  by  the  surface  of  wall  depends  on 
a  difference  in  the  temperatures  of  the  wall  and  the  environment  and 
cn  surface  condition  of  wall,  considered  by  radiation  factor.  A 
quantity  of  heat,  emitted  by  the  unit  of  surface  for  the  time  unit 
with  a  difference  in  the  temperatures  between  the  emitted  surface  and 
the  environment  in  1°C,  is  called  radiation  coefficient. 
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Radiation  coefficient  frca  the  wall  into  the  environment  is 
determined  from  to  the  formula 


(*)*-(*)*  e\. 

- : ; - —  KKOAlM *- 

•CT  —  <o«p 


<ac  °C, 


(160) 


Key:  (1).  kcal/m2*h°C. 


where  7*CT»=273,2+4T  -  atsclute  temperature  of  the  wall, 

heat- radiating ,  °K; 

I'm?  =** 273,2  +  ambient  temperature,  °K; 


4»-  temperature  of  wall,  °C; 


*««*  -  ambient  temperature,  °C; 


C  -  radiation  factor,  the  kcal/m2h (°K)  ♦ ,  depending  on  surface 
condition. 


The  values  of  value  C  are  given  in  Table  14. 


f 

♦ 
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table  14.  Values  of  the  coefficient  radiation  C. 


^  ^HaitMeuoBaHHe 

C, 

(°K)« 

\  25 

jl  HaNMeHODBime 

C,  kMi 
m*-  <tac  (°K)< 

0.3 

3.7 

4.45 
4,26 

4.69 

4,76 

1,31—3,32 

4,56—4.76 

4.45 
4.6 
4,75 
4,61 


Key:  (1).  Designation.  12)  .  kcal/a2h  (°R)  ♦.  (3).  Blackbody.  (4). 

Nickel,  F0lished*  (5).  Aluminum  sheet  rough.  (6).  aica.  (7).  Aluminum 
sheet  polished.  (8).  Glass.  (9).  fiubber  rough  gray.  (10).  Iren.  (11). 
Rubber  smooth  black.  (12).  Iron,  oxidized.  (13).  Cardboard  (asbestos. 
(14).  Iron,  zinc-coated.  (15).  Faints/colors  (aluminum.  (16).  Copper 
rough.  (17).  Paints/co lers  cii  different.  (18).  Copper  rolld.  (19). 
Enamel  varnish.  (20).  Copper  polished.  (21).  Eaper.  (22).  Brass 
roll/f^  (23).  Hater.  (24).  Brass  polished.  (25).  Brick  red  rough. 


PaGcojiotho  qepHoe  Te.no 
PAjhohhhmA  .ihctoboA 
k*  uiepoxoaaTbiA 
"'AjiiommhhB  .ihctoboA  no- 
,  nHpoBaimuA 
Ke-ieso 

Ke-iieao  oKHc.iemioe 
Kejieao  ouiiHxooaHHoe 
"Meab  uiepoxoBaTan 
83J  bliooa  him* 
Wcab  noJiHpoBamiaa 
WaTyHb  BajibuouaHnaa 
ftiaiyHb  noJiHpoMHiia» 


noanpoBauHuft 


fttHKcnb 
fjfciioAa 
WtreKAO 

ppe3Hna  mepoxoBaiaa 
cepaa 

'e3HHa  r.iaakaa  qepHaa 
'apTOH  acOccTOBUH 
paCKH  ajIlOMKHMCRwe 
„  ..pac  kh  MacaaHue  paanue 
^Ma.lCRUH.  JIBK 

iyMara 
loia 

Kirpmiq  KpacHMH  lucno- 

.OB8TI4M 
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§  10.  Thernal  loads,  st r esses/ voltages  and  efficiencies. 


t 


DOC  =  80040204 


PAGE 


Under  the  thermal  leads  and  the  str esses/vcltages  is  implied  the 
quantity  of  heat,  per  unit  cf  surface  (heating  cr  ceding)  or  unit 
volume  of  apparatus. 

Thermal  loads  and  stresses/ vcltages  can  te  expressed  in  the 
units  the  measurement:  thermal  (kcai/m2*h;  kcal/m3*h)  ,  weight  kg/m2- 
heur;  kg/ms-heur)  and  volumetric  (a3/a2-  hour;  a3/m3-hour)  . 

Steam  load  of  the  condenser; 

rt  a  ,  ,^) 

U=~F  kz/m'-hoc,  (161) 

Key:  (1).  kg/m2-hour. 

where  G  -  a  quantity  of  condensed  vapor  in  capacitor/condenser,  kg/h; 

F  -  cooling  surface  of  cap acitor/corden ser ,  m2. 

The  permissible  values  cf  the  steam  lead  cf 
capacitors/condensers  in  depending  on  vacuum  are  represented  in  Table 
15. 


The  multiplicity  cf  cooling  -  these  are  the  ratio  of  a  quantity 
cf  coo.ing  water  to  a  quantity  cf  condensed  vaper  or,  otherwise,  the 
expenditure  of  cooling  water  per  1  kg  of  the  condensed  vapor. 
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The  multiplicity  of  cooling  can  be  expressed  by  the  formula 

(162) 


IT 

m  —  -Q-  K2  bo napa. 


Key:  (1).  water/kg  steam. 


where  W  -  a  quantity  of  cooling  water,  kg/h: 


G  -  quantity  of  condensed  va^cr,  kg/h;  cr 

_ ...  (') 

uwk 


n~T(tr~tl)  Kz  D0^“ A*  napa,  ' 


(163) 


Key:  (1).  water/kg  steaa, 

where  it  -  enthalpy  cf  staam  upcn  the  entrance,  kcal/kg; 


i*  -  enthalpy  of  condensate,  kcal/kg; 


c  -  heat  capacity  cf  coding  water,  kcal/kg°C; 


1 1  -  temperature  cf  cooling  water  upon  the  entrance,  °C ; 


tj.  -  temperature  cf  cooling  water  on  leaving  °C. 


V 
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-Table  15.  Permissible  values  or  steam  load. 


a  KomeiicaTope,  °/o 

90 

90—93 

94-95 

96-97 

p  flaposafl  Harpyana,  K:[M*-nac  150—200 

1 10—150 

60-90 

50-70 

Key:  (1).  Vacuum  in  the  capacitcr/conden ser ,  c/c.  (2).  Steam  load, 
kg/m2«h.  Page  77. 

The  graph/curve  of  a  change  m  the  expenditure  cf  cooling  eater 
for  1  kg  of  the  condensed  vapor  in  the  dependence  on  the  vacuum  in 
the  capacitor/condenser  and  temperatures  cf  cooling  eater  upon  the 
entrance  is  shown  in  Pig.  53. 

The  permissible  values  of  the  multiplicity  of  cooling  m  in  the 
capacitors/condensers  can  oscillate  in  the  limits  from  30-40  to 
60-70,  but  sometimes  in  tna  single-pass  capacitcrs/condensers  they 
can  reach  120,  which  draws  an  undesirable  increase  in  productivity 
and  power  of  circulatirg  pump. 

Stress/voltage  cf  vaporization  surface: 

M*fjJ-Kac,  (164) 

Key:  (1).  m3/m2-hour. 


where  D  -  productivity  cf  vapor izer/evaperater ,  kg/h; 
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v  -  the  specific  volume  cf  secondary  steam,  m3/kg; 

F i  -  surface  of  the  vaporization  surface,  a*. 

The  value  of  the  stress/ vcltaye  of  vaporization  surface  in  the 
vaporizers/evaporators  usually  is  within  the  limits  of  1500-2500 
m3/m2-hour  and  with  lowering  in  tne  prassura  cf  tha  secondary  steam 
(to  0.15  atm(abs.))  can  reach  6000  m3/m2«h. 


Stress/voltage  of  the  heating  surface: 


Rn  —  -y-  Kzf$-H(lC, 


Key:  (1).  kg/m2-hour 


where  D  -  productivity  cf  vapcrizer/evapcratcr,  kg/h ; 

F «-  surface  of  heatinc,  a2. 

The  value  of  the  stress/ vo ltage  cf  the  heating  surface  in  the 
vaporizers/evaporators  usually  lies/rests  within  limits  of  8C-110 
kg/m2-hour  and  sometimes  can  reach  150  kg/m2-hcur,  and  with  the 
reliable  separators  -  tc  200  ky/a2-hour. 

Stress/voltage  cf  the  steaa  volume: 

=  mJm'-hoc, 


(166) 
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Key:  (1).  a  »3/a3-hour. 


where  D  -  productivity  ct  vapcnzer/evapcratcr,  kg/h; 


v  -  the  specific  vcluae  cf  secondary  steam,  m3/kg 


V  -  volume  of  steaa  space,  a3. 


F/G  13/1 
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Fig.  53.  Multiplicity  cf  cooling  in  depending  on  vacuun  and 
temperature  of  circulation  water. 

Key:  (1).  Vacuum. 

Page  78. 

The  value  of  the  stress/voltage  of  steam  volume  for  the 
secondary  steam  of  vapcrizsrs/e vapcratcrs  can  reach: 

1)  for  the  vaporizers/evap orators  of  atmospheric  pressure 
/?;= 3000  «3/®3-hcur; 

2)  for  the  vaporizers/evapcratcrs,  which  work  with  the 
pressures,  different  from  atmospnaric 

R,-/R;  M^-xac, 


Key:  (1)  .  m3/m3-hour 
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where  f  -  a  coefficient  cf  the  pressure  whose  values  are  given  in 
Table  16; 


3)  for  the  vaporizers/e vapcrators,  which  have  the  sufficiently 
effective  built-in  separators  or  the  supplementary  separating 
de v ic es/e quip men t: 

#,  =  (1,2-*- 1,4)//?;  M'lM'Zac. 

Key;  (1)  .  m3/m3»-hour. 


The  efficiency  cf  heat  exchangers  v  is  equal  to  the  ratio  of  a 
quantity  cf  heat  q2,  obtained  m  toe  apparatus,  to  a  quantity  cf  heat 
Q i ,  which  is  spent  in  tne  process  of  the  work  of  apparatus,  and  it  is 
expressed  in  general  form  ny  the  formula 

57-  (167) 

Efficiency  of  the  apparatuses,  which  wcrk  without  a  change  in 
the  state  of  aggregation  (ccclants  of  water,  cil,  air,  water-to-water 


preheaters,  etc.); 


G&  (h  ~  Q 


(168) 


Efficiency  of  the  apparatuses,  which  wcrk  with  a  change  in  state 
of  aggregation  of  one  cf  tne  heat-transfer  agents  (steam  preheaters 
of  water,  oil,  air,  fue 1/prcpeilant,  capacitcrs/condensars,  etc.): 
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Efficiency  of  the  apparatuses,  which  work  with  total  variation 
in  the  state  of  aggregation  ci  cne  heat-transfer  agent  and  partial 
change  in  the  state  of  segregation  of  another  heat-transfer  agent 
(vaporizers/evaporaters,  distillers,  distillers,  etc.): 


Ar&  —  <y.:)  —  tOA  (/j  —  f;) 


(170) 


•  Djd.-C,/,) 

Efficiency  of  the  apparatuses,  which  work  with  a  change  in  state 


of  ajgregation  of  both  heat-traesrar  agents  (evaporators,  etc.): 
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labia  16.  Values  of  the  coefficients  of  pressure  f. 


B2! 

16 

in 

ia 

1.0 

0.8 

0.7 

0.5 

i Wm 

■a 

0,87 

0,915 

1,00 

1.6 

Key:  (1).  ata(abs.). 


Paqe  79. 

Here  Gt  -  quantity  cf  cooling  (or  heating)  aediua,  kg/h ; 

G2  -  quantity  of  heated  (cr  ccoled)  aediua,  kg/h; 

Dj  -  quantity  of  heating  ccndansing  steaa,  kg/h; 

D2  -  quantity  of  the  secondary  steaa,  kg/h; 

•  -  coefficient  of  the  purging  or  the  heated  aediua; 

c,  -  heat  capacity  cf  the  coding  (cr  heating)  aediua,  kcal/kg 
°C; 


c2  -  heat  capacity  cf  the  coded  (otheated)  aediua,  kcal/kg 
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i4  -  enthalpy  of  beating  ccnaensing  steam,  kcal/kg; 

i,  -  enthalpy  of  the  secondary  steaa,  kcal/kg; 

tj  -  initial  temperature  of  tne  cooling  (or  the  final 
temperature  of  that  heating)  sediua,  °C; 

t't  -  the  final  teaperature  of  the  cooling  (or  the  initial 
temperature  of  that  heating)  aedi.ua,  °C; 

t2  -  initial  temperature  of  tne  heated  (cr  the  final  teaperature 
cf  that  cooled)  medium,  °C; 

t'j,  -  the  final  temperature  cf  the  heated  (or  the  initial 
temperature  of  that  coded)  medium,  °C. 

Usually  the  efficiency  of  apparatuses  fcr  simplification  in  the 
calculations  take  as  the  agual  tc  the  following  values  which 
insignificantly  differ  troa  these  calculated: 

for  the  heat  exchangers,  which  have  thsraal  insulation  ... 

n 

0.  97-0.98. 

For  the  apparatuses,  which  dc  not  have  theraal  insulation  ... 


J 
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C.  93-0.95. 

The  efficiency  cf  apparatuses  for  convenience  in  the 
calculations  very  frequently  replace  by  the  coefficient,  which 
considers  the  heat  less  fcy  the  apparatus  intc  the  environment,  which 
also  is  designated  threugh  Ibis  coefficient  is  the  value, 
reciprocal  efficiency  and- takes  as  the  aqual  tc : 

For  the  apDaratuses,  wnich  nave  thermal  insulation  ... 
1.03-1.02. 


Por  the  apparatuses,  which  ac  not  have  thermal  insulation  ... 
1.07-1.05. 

5  11.  Determination  cf  some  structural  elements/cells  of  apparatuses. 

With  the  execution  cf  tberaal  designs  usually  it  is  necessary  to 
define  or  to  select  seme  structural  elements/cells  cf  apparatuses, 
as,  for  instance  :  the  space  of  the  laying  cut  cf  tubes,  a  number  cf 
tubes  and  their  length,  diameter  cf  the  tube  plate  and  surface, 
formed  by  tubes  and,  etc.  wnich  have  an  effect  both  cn  the  thermal 
design  and  on  the  constr ucticn/design  of  apparatus. 


Page  80 
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Are  given  below  the  most  necessary  formulas  and  initial  data  by 
choice  and  deter ainaticn  of  some  structural  elsaents/cells. 

The  diameter  of  the  crancn  pipe: 

<17S> 

where  d  -  an  inner  diameter  of  tranch  pipe ,  a; 

P  -  sectional  area  cf  branch  pipe,  a2: 

D  -  expenditure  of  the  aedrua  through  branch  pipe,  kg/h ; 

v  -  the  specific  vcluaa  cf  aediua,  a3/kg; 

u  -  speed  of  aediua,  a/s. 

Equivalent  (hydraulic)  diaaeter  in  general  fora  is  expressed  by 
the  formula 


where  F  -  a  cross-sectional  area  of  channel,  *2; 


u  -  wetted  perimeter  of  channel,  a. 


17 


Equivalent  diaaeter  for  soae  roras  cf  channel  is  given  in  Table 
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Table  17.  Equivalent  disasters  d , 


^Wopma  xaHaaa 
^^(pyrjta*  rpyCa  AHaMCTpOM  d 

ViKsaapaT  CO  CTOpOHOft  a 

^npaMoyroaMiMK  co  cropoHaMM  a  m  5: 
(fr)TenaoofiMen  qepea  ace  ct:pohu 
^Ten-iooCveH  qepea  ABe  npoTHBoaoJtowRbie 

CTopoHbi  a 

|t}  Tenaoo6«eH  qepei  oiiiy  dopoHy  a 

Ko-ibueaoe  ceqemie  (TpyOa  d  b  Tpyfie  D): 

/i»)ten.ioo<J«ei»  >iepe3  BHyTpcHHwio  h  bhcuiiiiow 
v  nonepxiioctu 

(ll^  Ten.i<K><Wen  to.ii>ko  qcpea  aiieumom  no- 
aepxiiocTb 

^d)reit.ioo0MeK  Toabito  qepea  BHyipenmoo  no- 
aepxuocrb 

^^e*Tpy(5noe  npocTpaHCToo  (inaMerp  xopny- 
ca  D.  anaxcTp  rpyCon  d  h  mhcjio  Tpy- 


v<?)3MHaaaeHTHbifl  xaa- 
i  iierp  d. 


Go*  /i): 


^V^tcimooGmch  -lepea  TpyOmaft  nyqoic 


0*-d» 

5 

d 


D*—  nd* 
nd 


Key:  (1)  .  Form  of  channel.  (2).  Equivalent  diameter.  (3).  Circular 
duct  with  a  diameter  of  <3.  (4).  Square  with  side  a.  (5).  Rectangle 
with  sides  a  and  b.  (6) .  heat  exchange  through  all  sides.  (7) .  heat 
exchange  through  two  opposite  sides  a.  ( 6) .  heat  exchange  through  one 
side  a.  (9).  Ring  cross-sacticn  (duct  d  in  duct  C) .  (10).  heat 

exchange  through  internal  and  external  surfaces.  K  M) .  heat  exchange 
only  through  external  surface.  (12).  heat  exchange  only  through 
internal  surface.  (13).  intercuts  space  (diameter  of  housing  D, 
diameter  of  tubes  d  and  ruarer  cf  fellings  n)  .  (14).  heat  exchange 
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through  tube  bank. 


Page  81. 


Space  t  of  the  laying  out  cf  the  tubes: 

1)  minimum  space  with  the  laying  out  on  the  triangle  of  the 
tubes  with  a  outside  diameter  ci  <4  (Pig.  54): 

1,33*,; 

2)  for  the  capacitcrs/ccndensers  with  the  laying  out  cn  the 
triangle  of  the  tubes  with  a  diameter  of  <4~*  IS  mm: 

**■*<44- 9-*- 10  mm; 

3)  for  the  capacitcrs/ccndensers  with  the  laying  out  of  the 
tubes  with  a  diaaeter  ci  <4=16  mm  on  a  radius  or  the  rays/teams: 

f=<4+  16  mm; 

4)  for  the  small  capacitors/condensers  with  low  steam 
resistance,  with  rolled  tubas  dM=\§  mm  during  the  laying  cut  of 
their  space  on  the  triargle 

f .»  4  +  5 6  km  ; 

5)  for  the  praheaters  cf  water,  oil  coders  and  other 
apparatuses,  which  have  the  tuces  with  a  diameter  o f  <4  =  16 
during  the  laying  out  ci  their  space  cn  the  triangle 

<  =  <4  +  5-»-6  mm  ; 


6)  for  the  petroleum  heaters  and  other  apparatuses,  which  have 
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the  tubes  with  a  diameter  or  4.=  17  jcw  during  the  laying  cut  of 
their  space  on  the  triacgle 

*  dH  -r  5  6  J*-w. 

Tha  area  of  the  tufce  plate,  necessary  for  the  location  cf  one 
tube  cn  the  triangle, 

/=  0,866f*  mm',  (17*) 

where  t  -  a  space  of  the  laying  cur  of  tubes,  no. 

The  solidity/loading  factor  of  the  tube  flate: 

^“l.*  -§T>  (175) 

where  t  -  a  space  of  tie  laying  cut  of  tubes,  no; 

n  -  number  of  tubes,  placed  cn  the  tube  flate; 

D  -  diameter  of  the  socket/seat  of  tubes,  mo. 


DOC  =  80040204 


PAGE 


Fig.  54.  Laying  out  cf  tunes  ca  the  triangle. 


Page  82. 


The  coefficient  of  filling  of  tube  plate  V  is  equal  tc: 


for  the  single-pass  capacitcrs/condensers  ...  0.75-0.82. 


Por  the  two-pass  ones  and  acre  than  ...  0.72-0.78. 


Por  the  capacitors/condensers  of  the  type  C-V  ...  0.58-0.65 


A  number  of  cooling  tuoes  in  the  ca pacitcr/condenser: 


2  8‘2aPa  ’ 


where  »  -  a  quantity  of  cooling  water,  mVh; 
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z  - 

d  - 

v  - 

The 

where  F 

d  - 

n  - 

z  - 

The 

where  Q 
kcal/h ; 

k  - 


number  of  courses  cf  the  water; 


inner  diameter  cf  tuces,  a; 


speed  of  water  in  tubes,  a/s. 


length  of  tubes  (distdice  between  the  tube 


a  surface  of  heating  cr  cf  cooling,  m2; 


outside  diameter  of  tube,  m; 


number  of  tubes  in  tfce  course; 


number  of  courses. 


surface  of  heating  cr  ceding; 


panels) ; 
(177) 


F=  -5L 


ut  -  >  078) 

a  quantity  of  introduced  or  abstr acted/removed  heat. 


coefficient  cf  teat  transfer,  kcal/m2-h°C; 
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At  -  average/mean  logarithmic  difference  in  the  teaperatures  (or 
a  difference  in  the  teaperatures),  °C. 

Furthermore,  surface  F  can  ta  detersined  according  to 
sizes/dimensions  and  nuatar  or  tubas  of  heating  cr  coding: 

F—  sdln  m?,  (179) 

where  d  -  an  outside  disaster  of  tubes,  a; 

effective  length  cf  tubes,  m; 


n  -  total  number  cf  tubes  in  the  apparatus, 


The  area  of  the  smallest  section  of  the  rczzle: 

G 


P _ u 

•  min  / - * 


ml/ I*' 
v  Vo 


(180) 


where  G  -  an  expenditure  cf  steaa  through  the  nczzle,  kg/s; 


a=199  -  for  the  saturated  staam  and  m=2G9  -  for  the  superheated 
steam; 


p0  -  pressure  of  steam  in  frcnt  of  the  nczzle,  kg/cm2; 
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v0  -  specific  volume  or  steaa  before  nczzle,  m3/kg< 
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The  diameter  of  the  sma-tiest  section  of  the  nozzle: 

(181) 


yia  MM' 


where  m*=1.32  -  for  the  saturated  steaa  and  m*=1.3  -  for  the 
superheated  steam; 

G ,  p0,  t0  -  the  same  as  in  formula  (180). 


The  nozzle  exit  disaster: 

</.  =  2,015 


Y  %  *»■  (182) 

where  G  -  an  expenditure  or  steam  through  nczzle,  kg/h; 


v4  -  specific  volume  of  steaa  on  leaving  from  nozzle,  m3/kg 


h0  -  adiabatic  drcp/juap  is  steam  in  nczzle,  kcal/kg. 


The  initial  diameter  of  the  diffuser/exit  cone: 


D-WYOmy&gLMM. 


where  oe  *  expenditure  cf  compressed  steam,  kg/h; 


(183) 
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vn-  the  specific  volume  of  sucked  in  vapcr,  a^/h; 
u=^r-  coefficient  cf  toe  injection; 

Gn  =  Ge — G  ~  expenditure  or  sucked  in  vapor,  kg/h; 

h0,  G  -  the  same  as  in  fcraula  (182). 

Surface  of  zinc  prctectors/treads.  For  the  protection  equipment 
from  the  contact  corrosion,  which  appears  as  a  result  of  the 
use/application  in  the  apparatuses  of  the  heterogeneous  materials, 
which  work  under  the  corrosive  conditions,  in  the  chaabers/caneras  of 
apparatuses  are  established  zinc  protectcrs/treads. 

The  working  surface  of  protector /tread  is  determined  in 
depending  on  the  sum  cf  all  surfaces,  which  are  contacted  with 
corrosive  environment,  and  the  radius  of  action  cf  protector /tread . 

The  radius  of  action  cf  pr ctector/tread  in  the  chaaber/caaera  cf 
apparatus  is  spread  not  «cre  than  on  1-1.5  a,  but  in  the  beaa  cf 
tubes  -  to  the  length,  equal  to  ten  diameters;  therefore  during  the 
calculation  of  the  shielded  suriace,  besides  the  surfacss  cf 
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covers/caps  and  tube  plates,  saculd  be  considered  also  the  surface  of 
tubes,  formed  by  their  erds/leaas,  at  the  length,  equal  to  their  ten 
diameters. 

Fage  84. 

The  working  surface  of  tne  protsctor/t r ead 

$-*/?>*)  cm?,  (I84) 

where  8  -  the  radius  of  action  cf  protector/tread,  m;  H=  1 . 0-1.5  -  fcr 
the  chambers/cameras  of  tne  apparatuses;  R=8-10  to  the  diameters  of 
conduit/manifold,  but  net  mere  than  2  m  with  the  diameter  of 
conduit/manifold  D=200  bi  and  net  more  than  2.5-3  m  with  D>200  mm; 

Ti  -  ratio  of  the  area  cf  protector/tread  and  area  of  the  shielded 
construction/design,  whicn  undergoes  contact  corrosion  under 
conditions  of  marine  water,  equal  to; 

for  the  chambers/caneras  cf  apparatuses,  formed  by  the  surfaces 
cf  covers/caps,  cf  tube  plates  and  by  the  ends/leads  cf  the  tubes  ... 
with  1/400-1/500 . 

For  the  ducts  with  fcronze  and  brass  fittings  ...  1/200-1/500. 


For  the  steel  branch  pipes  and  the  housings  of  apparatuses  with 
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bronze  and  brass  accessories  ...  1/200-1/30C. 

Calculation  of  the  safety  valves  of  containers.  Capacity  is  the 
valve : 

a)  for  the  vapor  cr  the  gas 

G  «■  225|JktfA  y py  Kzfnac-,  (185) 

Key:  (1)  .  kg/h. 

b)  for  the  liquids  . 

G  =  500|«fh  V~pi  kzIvic,  (186) 

Key:  (1)  .  kg/h. 

where  p=0.85  -  a  discharge  coefficient; 

d  -  diameter  of  valve  (without  the  account  to  the  area,  occupied 
by  the  edges/fins  of  guides) ,  cm; 

hid/4  -  valve  lift,  cm; 

p  -  the  design  pressure  of  the  medium  before  the  valve,  kg/cm*; 


y  -  the  specific  gravrty/weignt  of  medium,  kg/in’ 
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The  calculation  of  electrical  heating  elements  can  be  produced 
according  to  to  the  foraula 

Q  —  0,$6IV n  =  0,86 /*.?«  =  iF\tn  =  a-dlbtn  kkoaIhoc,  (187) 

Key:  ( 1) .  kcal/h. 

where  Q  -  the  calorific  raguiraaenr,  kcal/h; 

I  -  current  strength,  a; 

V  -  voltage,  v,' 

n  -  nunber  of  in  parallel  working  conductors; 

8  -  resistance  cf  ccnuuctcr,  chn; 

a  -  heat-transfer  coefficient  from  the  surface  cf  conductor  to 
the  heated  medium,  the  kcal/a*-b°C; 

F  -  surface  cf  conductor,  a2; 

At  -  difference  in  the  temperatures  between  the  surface  of 
conductor  and  the  heated  aediua,  °c; 

d  -  diameter  of  conductor,  a; 


t  -  length  cf  conductor. 
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Chapter  II. 

EXAMPLES  OF  THERMAL  DESIC-BS. 

8  12.  Calculation  of  auxiliary  capacitor /condenser. 

Initial  data  for  the  calculation. 

A  quantity  is  steal  that  enters  capacitcr/condensar,  Gt=2700 

kg/h. 

Quantity  of  condensate  G2=164C  kg/h. 

Enthalpy  of  stean  iv=650  kcal/kg. 

Enthalpy  of  condensate  q2=133.4  kcal/kg. 

Vacuus  in  capacit cr/cond«aser  Va«*“85Vf. 

Quantity  of  cooling  water  0=150  a/h. 


1 
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Temperature  of  coding  water  upon  entrance  t1=18°C. 

He  accept. 

Tubes  brass  with  a  ciaaeter  of  djd,=*  16/14  mm. 

Number  of  courses  cf  coding  water  in  tubes  z~2. 

Course  of  computation. 

1.  Absolute  condenser  tacKp ressure 

Puam^ fgjjr  **  1  —  —  0,15  ama. 

Kay  :  (1)  .  atm (abs. ) . 

2.  Condensation  tespsrature  cf  steaa  when  pK  (on  tables  1-3  of 
applications/appendices) 

f,  —  53,6°  C. 

3.  Temperature  cf  condensate,  abstr act ed/reuoved  from 
capacitor/ con  denser, 

=  #,  —  4  *  53,6  —  4  =  49,6'’  C. 

4.  Quantity  of  heat,  transferred  by  vapor  and  by  condensate  to 
cooling  water, 

Q  =  Gi  (i.  ~  t.)  +  Gt  (q,  -  t.)  =  2700  (650  T  49,6)  + 

'  +  1640(133,4  -  49,6)  =  175,7- 102 3 4  KKajtjuic. 

Key:  (1).  kcal/h. 


DOC  =  30040205 


F  AGE  JL&  9 


Page  86. 


5.  Temperature  cf  ccoling  water,  on  leaving  from  condenser 

**  =  +  ~5Tfl  =  18  +  150-  IOJ  0.94  =  30,40  C> 

where  c,==0,94  fccal/lcg  of  °C  -  heat  capacity  cf  ceding  (marine)  water. 


6.  Averaga/mean  lccaritbaic  differerce  ir  temperatures  cf  vapor 
and  water 

st  -=  __AziO__  =  30,4-18  _  w  r 

_ 53,6-18-^^- 

2,J  t,  —  t..  2s3 ’*534  —  30.4 


7.  Mean  temperature  of  ccoling  water 

tc p  —  0,5  (f,  +  t,)  -=  0,5  ( 1 8  +  30,4)  =  24,2°  C. 

8.  Speed  of  cooling  water  in  tubes  we  accept  v=1.6  m/s. 


9.  Coefficient  of  heat  transfer  for  ca pacitcrs/condensers  in 
depending  on  speed  and  mean  temperature  cf  water  (cn  graph/curve  Fig. 
39)  ko=3040  kcal/m2-hcur  °C. 


10.  Calculated  coefficient  or  heat  transfer 


*  =  1,02-0.85.3040  =  2640  *cal/m2h  °C, 
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where  *t-1.02  -  coefficient  for  tufces  with  a  diaaeter  of  d[,al(i  HM. 
d2=0.85  -  coefficient,  which  considers  pclluticn/contaminaticn  of 
tubes. 


11.  Coefficient  of  haat  transfer  for  ca Facitcr/condensar  in 
formula  VTI 

•*  =  3SOO  (  1  -  (35  -  t,)*  j  <b,<t>4  = 

'3500 1  £  i  _  Q'42iKM5-  (35  -  18)‘J  1  •  1  — 


2940  $KtLAiMi-*acaC, 


Key:  (1)  .  kcal/a*h. 


where  x  -  an  exponent,  egual  tc 

jc  =  0,12<p,(l  +  0.15/,)  — 0.12-0, 85(1  +  0.15-18)  =  0, 378; 

<t>,  -  the  factor,  which  considers  the  effect  cf  a  number  of  courses 
cf  water  in  the  capacitcr/ccnaenser, 

+irir(1  +  A}” 1  +no^‘(1  + 

<t>4-  the  factor,  which  considers  the  effect  cf  steam  load  on 
capacitor/condenser  —1  for  the  nominal  steam  lead. 
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12.  Necessary  cooling  surface  cf  condenser 

r  a/*  — iS'2^40  *  ' 

4e  accent  P=23.  1  «2. 


13.  Quantity  cooling  or  tubes  in  capacitcr/condenser 

Dm  =  1502  =  340 

2835dJ«r|“  2825  0, 0t4J.  1.6- 1.0  ' 

vher®  7=1.0  t/ra3  -  specific  gravity/weight  cf  ceding  water. 


14.  Effective  length  of  tubes  (distance  between  tube  plates) 

/  P _ 233  _ i  35  M 

‘  xd*i  ~  3.14  0, 016-340  ~  ’ 

15.  Space  of  laying  cut  cf  tubes  on  triangle 

*=•=4+  10  =  16+  10  =  26  mm. 

16.  Solidity/loading  factor  cf  pipe  panel  (fron  conditions  of 
positioning/arranging  cf  tuoes  and  partitions/baffles  in  cover/cap 
for  two  ducts  of  water) 

%p“0,73. 

17.  Diameter  of  sccket/seat  of  tubes  (inner  diameter  of  housing) 

O,  _/ yTS_  0,026  j/^_  0,592 

18.  Quantity  of  air,  driven  out  from  capacitor /condenser 

+  1-36)  -  1.5  ( 27”(^64Q  +  1,36)=5.25  kg /A. 

§  13.  Calculation  of  deaerator. 
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Initial  data  for  the  calculation. 

Productivity  on  the  deaerated  water  D=70  m/h. 

Pressure  in  deaeratcr  pt  — 1,2  atm 

Pressure  of  that  heating  of  stean  pt=1.8  atm 

Temperature  of  that  neating  cf  stea*  tl=180°C. 

Temperature  of  the  Mixture  of  water,  which  enters  the  deaerator, 
which  consists  of  80c/c  cf  condensate  and  20c/o  of  additional  water, 
t;,=40OC. 

Oxygen  content  in  deaerated  water  ap  -^0,03  ng/1. 

Paqe  88. 

He  accept. 

Coefficient  of  the  use  cf  a  tody  in  deaeratcr  t(«o.97. 

Content  of  dissolved  oxygen  in  the  condensate,  talcing  into 
account  possible  rhodes  cf  air  a,  =  l,0  mg/1. 
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We  determine  (on  fables  1-3  of  applicaticns/appendices)  . 

Enthalpy  of  water  in  deaerator  ^  =  J04,4  kcal/kg. 

Enthalpy  of  that  heatiny  or  steam  it  =676 . 1  kcal/kg. 

Temperature  of  water  in  deaerator  ^=104,3°  C. 

Enthalpy  of  the  mixture  of  water,  which  enters  the  deaerator, 
q2  =  40  kcal/kg. 

The  specific  volume  of  water  m  deaerator  v-1.047  mJ/t. 

Course  of  computation. 

1.  Quantity  of  beating  steam,  required  for  heating  of  water  in 
deaerator 


G  =  — (<?1  ~  f'jl 

'l  —  Vi 


70(104,4  —  40) 
676,1—40 


=  7,0  >/h . 


2.  Quantity  of  mixture  of  water,  which  erters  deaerator 
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\X'cm  —  D  -<7  =  70  —  7  =  63  a/ a. 

3.  Quantity  of  additional  water,  which  enters  deaerator, 

=  0,2  irc„  =  0,2-63  =12,6  a/a. 

4.  Quantity  of  condensate,  which  enters  deaeratcr 
W„  =  Wcn  —  Wt  =  63  —  12.6  —  50,4  a/ a. 

5.  Content  of  dissolved  oxygen  in  additional  water  at  4C°C  and 
pressure  760  am  Hg  (cn  curve  for  oxygen.  Pig.  33) 

a*  =  6,5  mg/1. 
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8.  Content  of  dissolved  gases  of  air  in  condensate 


I7.2- 1. 

— g J-  =2,65  ag/1 
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Content  of  dissolved  gases  of  air  in  the  mixture  of  water,  which 
enters  the  deaerator. 


2.65-50.4+  17.2  12.6  1 

Orrm  — "  ...  -  no  *  5,57  Big  /  1  . 


Wr 


63 


10.  Quantity  of  dissolved  gases  of  air,  introduced  by  water  into 
deaerator. 


<7r=(a' UP, + a' UPJ 1 0_:< =(  1 7,2 •  1 2,6 + 2,65 •  50,4 )  1  O'  '= 0..J5  kg/h. 

11.  Ratio  of  equilibrium  oxygen  pressure  in  vapor  to  partial 
according  to  indications  to  fcnula  (105),  k  =  3. 

12.  Constant  of  weight  solubility  of  oxygen  in  water  at  its 
pressure  above  water  p0-760  mu  hg  and  boiling  pcint  of  water,  equal 
to  about  100°C  (on  curve  of  B ig.  J4) 
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<i0  =  24,5  ag/1. 


13.  Partial  oxygen  pressure  aoove  surface  of  water  in  deaerator 
(retaining  by  its  equal  at  pressure  by  p0=76C  si  Hg  from  condition  of 
guaranteeing  intensity  of  aeasration) 

p  =r  Mil  =  ^  0,000422  atm 

r*  3-24,5 

14.  Partial  pressure  of  gass  cf  air  above  surface  of  water  in 
deaerator 

P-*"*  0,000422-5,57  ^nmn  2 

P'~~a'cu  ~  2-1 

15.  Partial  pressure  of  steal  in  deaerator 

Pn  =  P*~Pr=*  1,2-0,001 12  «  1,199  atm 

16.  Quantity  of  vapcr  (staaa-gas  mixture),  driven  out  free 
deaerator. 


Gr  (l  +  0.622  ~  )  =  0,35  (  1  +  0,622 


1,199  \ 
0.001 12/ 


=  234*  g/h. 


17.  Total  expenditure  cf  steam  for  deaeratcr 


Ga  =  (G  +  Ocji  =  (7,0  +  0,234)-^  rr  7.5  «/h. 

water  in  deaerating  tank 
m\ 


18.  Necessary  vcluae  of  deaerated 


V  = 


Dv 

15  4-  20  : 


70- 1.047 
18,3 


=  4 


i 
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§  14.  Calculation  of  the  preheater  of  water. 


Initial  data  for  the  calculation. 


Productivity  of  heater  1^55  oi  m/h. 


Temperature  of  water  upca  the  entrance  into  preheater  tt 


Temperature  of  water  or  leaving  fro*  preheater  t2*110°C. 


Pressure  of  feed  water  p,==36  kg/crn*. 


Vapor  pressure  of  heating  pa=  1,8  atm 


Temperature  of  that  heating  oi  steam  t3=220°C. 


We  accept. 


Coafficient  of  utilizatica  of  heat  t<**0,98. 


Tubes  brass  V-shaped  witn  a  diameter  of  djd,=  16/13 m.h. 


=40°C. 
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Number  of  courses  in  the  cubes  of  preheater  z=6. 


»e  determine  (on  fables  1-3  of  applicaticns/appendices) 


Enthalpy  of  that  heating  cf  steam  i=695.2  kcal/kg. 


Temperature  of  the  saturation  of  heating  cf  steam  tt  =  j  1530  q 


Enthalpy  of  liquid  when  C  sgual  tc  q=116.6  kcal/kg. 


Heat  capacity  of  feed  water  when  t^.  equal  to  c— 1  kcal/kg 


Course  of  confutation . 


1.  Quantity  of  heat#  cecessarj  for  preheating  water. 


Q  —  Dc (f,  —  f,)  =  55000- 1(110  -  40)-* 385- 10*  kcal/h. 


2.  Expenditure  of  steam  for  preheating  cf  water 


0— 


385- 10« 


(i  -<i)r\  (695.2  —  116,6)0,98 


=*6800  Kg/ a. 


3.  Mean  temperature  cf  water  in  preheater 
=  0.5  (f,  +  /,)  =  0.5  (40  4-  110)  =  75°  C. 


f vp-*  *  * 
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4.  On  tables  6  cf  applicaticns/appendices  when  t'c9  we  determine 


1)  specific  gra  vit y/wciyht  cf  water  >•  —  0.974  «/**; 


2)  the  dynamic  viscosity  of  water  |s  =  38,66*  10  *  kg*s/m2; 


3)  the  speed  of  water  in  the  tabes  we  preli ninarily  accept 
i'„=*  1.7  m/s. 


5)  Number  of  tubes  in  one  course 


JttZSrf'w,!.  2825  0.01 3*1.7  0.974 
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6.  Reynolds  number  for  water 

Re=-A7*=  1’7  00I3g74-iiw  5g800. 

33,66- 10~s-9, 81 

7.  Heat-transfer  ccefricient  from  wall  tc  water,  which  takes 


place  in  tubes  with  turbulent  action. 


*,  =  Av”d;oa  =  2548 -1,53 -2,385  =  9350  *cal/a * -h  .  °C, 

where  A=2048  (fable  10)  depending  cn  /'p;  «=  1,7°’*=-=  1,53  (^ade  11); 

<*,-«  =  0,013's  -  2,385  (fa  b  1  e  12). 
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8.  Mean  temperature  of  condensable  steam  and  water 

•4  —  0.5  (/,  +  ^)  =  0,5  ( 1 1 6,3  +  75)  =  95,7°  C.  . 

9.  Temperature  riding-corps  from  the  side  of  steam 


ta  =-  0,5  (f,  +  Q  =  0,5  ( 116,3  +'95, 7)  =  106°  C. 

10.  Coefficient  of  heat  transfer  frcn  steals  to  stand  pice 


,  V  i-0  _oom,V  «*a^-  ll^g _ 

'4*l/  -221°  V  1.8(1163-106) 

'  (/) 

=  5260  M'-HdC  #C, 


Kay:  (1).  kcal/a*-+. 


where  At=2210  (fable  13)  depending  on  j*  -  aediua  altitude  of 

the  V-shape  of  tube  (assuaed  tertatively) ; 


11.  Average/mean  lcgaritfcaic  difference  in  the  teaperatures  of 
vapor  and  water  in  the  praneacci 


110-40 


116.3-40 
2,3  '*  116,3—110 


28,  l*  C. 


12.  Coefficient  of  heat  transfer  frcn  vapor  to  water 


JL .  ld*  ,  ,  _L  ~ 

+  d„  ’2).  3n, 

’  1  0) , 

2  0, 016  0,016  —  0.013  i  —  3080  KKaAj.v*-nac  C, 

9380  -  0,013  +  0,016  +  2^0  +  5260 

Key:  (1).  the  kcal/a^-h. 
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where  \  =  90  kcal/m-  hour  °C  -  coefficient  cf  the  thermal 
conductivity  of  brass  wall  cf  tube. 

Fa  g  e  92. 

13.  Coefficient  of  heat  transier  frcm  vapor  to  water  in 
depending  on  speed  and  sean  temperature  cf  water  can  be  also 
determined  according  tc  curve  or  fig.  39.  For  brass  tubes  <f,==I6jcw  we 
have 


1,02-*,  =  j,02-3640  =  3700*cal/m*  -  U  °C. 


14. 


15. 


Necessary  surface  cf  nesting 

c.  0  38510* 

r~Hka  28,1  3700 

Real  surface  is  accepted 


preheater 
=  37,1  **. 


ft  =  38  it*. 


16.  Aver age/mean  lengtn  or  semi-V-shaped  tube 

/-  -  _J»  -.a  „ 

s  djti  3.U0.0I6-7O-S  1,0  ' 

If  1^H=1.8  m,  then  in  the  presence  cf  the  small  disagreement  one 
should  change  but  if  disagreement  is  considerable,  then  should  be 
the  obtained  value  fer  1  to  substitute  fer  approximate  of  that 
accepted  for  H  and  produced  repeated  calculation,  after  beginning  it 
frcm  determination  V 
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17.  Space  of  the  location  cf  the  tubes 

t  =  dn  +  6  ** !  6  +  6  —  22  mm. 

18.  Inner  diameter  cf  nousing  (from  conditions  for  location  cf 
bundles  of  V-shaped  tubes,  aiviceu  in  ccver/cap  by 
Fartitions/baf f les,  that  ensure  six  courses  cf  water)  is  accepted 

D,  =  550  mm. 

§  15.  Calculation  of  steam  cccler. 

Initial  data  for  the  calculation. 

The  productivity  cf  steam  coder  D=400C  kg/h 

temperature  of  steam  upon  the  entrance  irto  steam  cooler 
t,=320°C. 

Temperature  is  cf  staam  on  leaving  their  steam  cooler  t2=220°C. 

Pressure  of  steam  px~6  atm 

Quantity  of  cooling  teed  water  G=50000  kg/h. 

Temperature  of  water  up.cn  the  entrance  intc  steam  cooler 
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Pressure  of  cooling  water  p2=S6  atm 
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We  accept. 


Heat  availability  factor  ij».o,97 


Tubes  steel  V-shaped  witn  a  diameter  of  17/13 


Number  of  courses  cf  steam  in  tubes  zt=2. 


Number  of  courses  cf  water  in  the  housing  cf  steam  coder  zz=2, 


We  determine  (on  fables  1-i  of  applicaticns/appendices) . 


Enthalpy  of  steam  upcn  the  entrance  it=740  kcal/kg. 


Enthalpy  of  steam  cn  leaving  i2=688.7  kcal/kg. 


Course  of  computation 
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1.  Quantity  of  heat,  transferred  by  water  vapor, 

Q  —  D (i,  -  i,)  =  4000  (740  -  688,7)  —  205 000  Itcal/ h . 

2.  Mean  temperature  of  overheated  steam 

t.  =  0,5  (f,  4-  f.)  -  0,5  (320  +  220)  =  270?  C. 

3.  On  fables  3  and  fig.  1-3  cf  appl icat icns/appendicas  when  tn‘ 
we  determine: 

1)  specific  heat  cf  steam  ^  =  0.51  kcal/kg  .  °C; 

2)  specific  gravity/weight  cf  steam  7»  =* 3,22  kg/m3; 

3)  .  the  coefficient  of  thermal  conductivity  ^,=»0,037kcal/m-hour 
°C ; 


4)  dynamic  viscosity  is  steam  =  1,93- 10~*  kg*s/B2. 


4,  Humber  of  tubes  in  course  (after  accepting  tentatively  speed 
of  steam  in  them  about  50  a/s )  we  accept  n  =  53. 


5.  Average  speed  of  steam  in  tubes  cf  steam  coder 


D 

7825 dfan 


4000 

2825-0,0132-53  3.22 


49  m/s. 
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6.  Criterion  of  Reynolds  rcr  steam. 

rr  q.rf.T.  49-0, 013-3." —  108500. 

Ke—  Krf  1,93.10“*  9. 81 

7.  Prandtl  number  fcr  steam 

pr _ 3600-M^Cg  3600  1,93-10^*  9,81  0,51  —  q  94o 

8.  Heat-transf ar  coefficient  from  superheated  steam  to  wall  with 
Re >  1  •  1 0 4  and  Pr=0. 7- 25CC  : 


«.  =*»  0,023  Re0'*  Pr0  4  =  0,023  108500°  *.0,942°-4  = 

—  685cal/m-2fc  °C. 
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9.  Temperature  cf  ceding  water  on  leaving 


205000 


50000 


.  ~  1 9Q°  r 
•1,017 


where  c,=  l.017  keal/kg  °C  -  neat  capacity  cf  watar  with  t=127°C 
(fable  6  of  applications/appenuices) . 


10.  Mean  temperature  of  cooling  water 

t,  —  0.5  ( t,  +  t4)  -  0,5  ( 1 25  +  1 29)  -  1 27°  C. 

11.  On  ^able  5  of  applicaticns/appendices  whan  t,  we  determine: 
1)  coefficient  of  thermal  conductivity  cf  water'  k,*=i0,59 
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kcal/m-hour  °C; 


2)  specific  gra vity/weignt  cf  water  T.=» 937,3  kg/a3; 

3)  dynamic  viscosity  of  water  !»,  =  22.2-10-s  kg*s/m2. 

12.  Inner  diameter  cf  housing  of  steam  cooler  (from  conditions 
for  location  of  beam  of  V-shaped  tubes  of  that  divided  in  cover/cap 
with  partition/baffle,  which  ensues  two  courses  cf  steam  in  tubes) 
we  accept 

D„  =  0,28  m. 


13.  Area  for  passage  of  water  in  intertufce  space  of  steam  cooler 


f- 


0.785 ( D '  -  d2a  **,)  0.785  (0.28?  - 0.017*-  53-2) 


—  0,01875  **. 


space 


14.  They  are  equivalent  heat-transmitting  diameter  of  intertube 

_#  4 /  4-0,01875  f\  nocc  „ 

15.  Average  speed  tauds  in  steam  coder 


50000 


JUJ0-/-T.  3800-0,01875-937.3 


—  0,79  "/S' 
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18.  Heat-transfer  ccairicient  from  wall  tc  water  with 
longitudinal  washing  of  ducts  ter  de>1»1C*  and  Pr  =  Q.  7-2500: 

«.  -  0.023  ±  Re9'*  Pr°"4  -  0,023  ^  90  000"  *  •  1 , 35°  <  = 

5350kcal/®2h  °C. 

19.  Heat-transfer  coefficient  from  steam  to  water 

kum _ 1 _  _ _ ! _ _ 

*  1  Id*  —  1  I  2  0,017  ^0,017—0.01.^  I 

‘  .  <£  +  d*  2A  *,  685 "  0,0l7+0,0l3"t"  2-50  .73.50 

530  kcal/m2  h  cf  °C, 

where  \=50  kcal/m-  heur  °C  -  thermal  conductivity  cf  wall  cf  steel 
tube. 


DOC  =  80040205 


PAGE  .ittf'" 


22.  Seal  surface  taking  into  account  pci luticn/contaaination 

^=1,07/^=  1,07-2,8  =  3,0  **. 

23.  Average/mean  length  or  semi-V-shaped  tubes 

r _  Fm _ M  =  0  53  w 

'  *•  *4*1,  ~~  3, 14-U.0I7-53-2 

5  16.  Calculation  of  the  ccclant  ci  water. 

Initial  data  for  the  calculation. 

Quantity  of  the  water-ccaiea  w1  =  24  s/h. 

Pressure  of  the  water-cccled  Pt=2  kg/ca2. 

Temperature  of  the  water-cccled  upon  the  entrance  into  ccolant 
tl=85°C. 

Temperature  of  coded  water  cc  leaving  frca  frcm  cooler  t2=75°C. 

Quantity  of  the  ceding  (aarine)  water  «2=18  m/h. 

Pressure  of  the  ceding  (marine)  water  p2=3  kg/cm2. 


Temperature  of  the  ceding  (aarine)  water  upon  the  entrance  into 
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We  accept. 


Tubes  German  silver  with  a  diameter  of  djd9=  10/8  mm. 


Number  of  courses  cf  coding  water  in  tubes  z- 1 . 


Course  of  computation. 


1.  Mean  temperature  or  water-cooled  in  ccclant 

t;p  -  0,5  ( t ,  +  t2)  =  0.5  (85  +  75)  -  80°  C. 

2.  On  ^able  6  of  applicat lons/a ppendices  when  t’  we  determine: 


1)  heat  capacity  c t  water  c'p  =  1,007  kcal/k g  °C; 


2)  specific  gravity/weight  ci  water  r1*971.8  kg/ra3; 


3)  kinematic  viscosity  of  water  v,  => 0.366- 10~®  ®2/s; 


4)  coefficient  of  thermal  diffusivity  cf  water  a t=5. 9* 1 0“ *  m2/h 
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5)  coefficient  of  thermal  conductivity  cf  water  \t=0.58  kcal/a- 


hour  °C. 


3.  Quantity  of  heat,  given  up  to  coding  water. 


3=-  W,cp  (S,  — 12)  *=  24 000  1,007  (85  -  75)  «.  242000  kcal/h. 


4.  Temperature  cf  ceding  water  on  leaving 
t  _9  _oo  242000  _ „ 

4  3  +  iwo^S"36*4  C 

where  cp  =  0,94  kcal/kg  °C  -  heat  capacity  of  ceding  (aarine)  water. 


5.  Mean  temperature  cf  ceding  water 

rp  =--  0.5  (/j  +  /,)  =  0,5  (22  +  36,4)- 29.2°  C. 

6.  Average/mean  lcgarithaic  difference  ir  temperatures  fer 
countercurrent 

a/  ^  <‘L-  '<>  -  <>»  -  'i)  _  (85  -  38, 4)  -  C75  -  22) 

2.3lg'±=l  2  3  ,  85  -  38,4  -51,8°C. 

“  75-22 

7.  Speed  of  cooling  water  in  tubes  we  accept  z‘*™0,8  a/s. 


3.  Humber  of  cooling  tubes 

_ 


18 


— 121, 


2825^v,T,  2825-0,008^0,8-1,025 

where  r2=  1.025- t/a3  -  specific  gravity/weigbt  of  cooling  water. 
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9.  Reynolds  number  for  ceding  water 

Re  =  ^  —  8000, 

V*  0.8-  i<r*  __ 

where  ^“O.S'IO-4  m2/s  -  kinematic  viscosity  cf  cooling  water  when 
t^  —  29,2°C  (it  is  determined  according  to^atle  6  of 
applications/appendices) . 

With  2200<Re=8000< 1C000  the  action  is  unstable. 


10.  Prandtl  number  fer  ceding  water  will  ccaprise  1 

pf_ 3600-^  3600-0.810- 9 

Hi  **  5.3- HT4  *0,4’ 

where  <x2  =  5. 3«  10"  ♦  a2/h  -  coefficient  of  thermal  diffusivity  of  water 
when  t\ 9  (it  is  determined  according  to  “Table  6  of 
applications/appendices)  . 

FOOTNOTE  *.  For  a  more  precise  calculation  the  value  cf  criteria  Gr 
and  Pr,  entering  product  GrPr3,  it  is  necessary  to  determine  thes  at 
temperature  of  boundary  layer.  £  HE  FOOTNOTE. 


11.  Grashof’s  criterion  fer  cooling  water  will  comprise  2 


_  gdfyt  9,81 .0.O^a.IO-t  14.4 

G  r  =  -S-f-*= - - =  3,4*10*, 


(0,8*  to- 
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where  g=9.81  a/s2  -  acceleration  cf  gravity;  £=3*1Q'4  1/°C  - 
coefficient  of  expansion  of  water  when  (it  is  determined 

according  to  ^able  6  cr  appenaices) ;  5t=t4-t3=36.4-22=14.4°C  - 
difference  in  temperatures  of  ceding  water. 

FOOTNOTE  2.  Then.  ENDFCC1N01E. 


Product  of  the  criteria 

GrPr*  —  3.4  •  10*  •  5,4s  =  5,32  •  10*. 

12.  On  graph/curve  fig.  44  in  depending  cn  CrPr3  and  Pr  with 
Re  =  8000  for  transient  ireda/conditions  we  determine  Na=56. 


13.  Heat-transfer  coefficient  from  wall  tc  cooling  water 

**==^=sx®r=s3710Jlcav»*h  °c, 

where  X2=0.53  -  coefficient  of  thermal  conductivity  of  cooling  water 
when  ^  —  29,2° C. 

14.  space  of  loeatien  of  coding  tubes 

1.354-1,35-10-  13.5  mm. 
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15.  Inner  diameter  cf  housing  of  coolant  frem  conditions  for 


DOC  =  80040205 


PAGE  *33 


location  of  beaa  of  tubes  is  taken  D«  =  0,17  m. 


16.  Spe<»d  of  water-cccled  in  intartube  space  with  longitudinal 
washing  of  beam  of  tubes 


V, 


24 


1  2825  (Oj  —  djj  n)  j,  2823  (0. 1 72  —  0.0la- 121) 0,9718 


>0.52  a/s. 


17.  Eguivalent  heat-transmitting  diameter  of  intertube  space 

—  0,!7J- 0.01*.  121 

*  oToi-iil - =0,014  M. 


d. 


18.  Reynolds  number  for  water-cooled 


Re  °-5-  °.qii.»:  19900. 

Ke‘  V,  0,366- 10-* 


19.  prandtl  number  for  water-cooled 


n  _  3600V,  _  3600-0. T66- 10~*  n  nn 
Kr,=“  «l  ”  s  o.in-« - = 


5,9- 10-' 

20.  Heat-transfer  coefficient  from  water-cocled  to  wall  with 


turbulent  flow  for  longitudinal  washing  cf  team  cf  ducts 


«i  =  0,023  Re0,  *Pr0,<  —  0,023  —  1 9  900°  *.  2,230  4 > 

3600  kcal/m*b  °C . 


0.58 


21.  Coefficient  of  heat  transfer  free  water-cocled  to  that 


coding 
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-  +  +  -  ■ 


2rf« 


2A 


*-»  -f-  dm 


1 


r» 


o.oi  -o.ioa 
2"25  ' 


] 


2  0,001 


=  1620  kma/m'-hoc  °C, 


3710  0,0i+0,0(W 


Key:  (1).  kcal/m2-l|. 

where  X=25  kcal/m-  hcur  °C  -  coefficient  of  the  thermal 
conductivity  of  German  silver  tube. 

22.  Coefficient,  whicn  considers  polluticn/contamination  of 
tubes,  is  accepted  *=0.6. 

23.  Calculated  coefficient  of  heat  transfer  from  one  water  tc 
the  next 


*  0.8- 1620  —  1300  kcai  /■*-!,  °C. 
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24.  Necessary  cooling  surface  of  coclant 

p _  Q  _  242  000  . 

A/*  51  ,»•  I3U0  *  ' 


25.  Effective  lenctfc  of  tubes  (or  distance  between  tube  plates) 
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Me  accept  1*1.0  a. 

§  17.  Calculation  of  fuel  heater. 

Initial  data  for  the  calculation. 

Productivity  of  preheater  D=5  m/h. 

Temperature  of  petroleum  residue  upcn  the  entrance  in  preheate 
tt=15°C. 

Temperature  of  petroleum  residue  on  leaving  from  preheater 
t**95°C. 

Brand  of  the  petrcleum  residue;  the  sailer  a20. 

Pressure  of  that  heating  ci  steam  P=29  atm 

Me  accept. 

Heat  availability  factor  tj*=0,98. 

Tubes  of  steel  V-sbaped  eith  a  diameter  cf  djd%*m  17/13  MM 


aa 
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Thickness  of  flat/plane  retarders  ,  estatlished/installed  in  the 
straight/direct  part  of  the  tutes,  6*1.0  urn. 

(lumbar  of  courses  ct  petroleuu  residue  in  the  tubes  of  preheater 

z- 6 . 

Me  determine  (on  fables  1-3  or  applicaticns/appendices)  . 

Temperature  of  heating  steam  fB*s230.9°C. 

Enthalpy  of  heating  steam  i„  =  669,5  kcal/kg. 

Enthalpy  of  the  condensate  ct  that  heating  of  steam  q=237.5 
kcal/kg. 

Course  of  computation. 

1.  Mean  temperature  of  petroleum  residue  in  preheater 

tr,  -  0,5  (f,  +  f,)  -  0,5  (15  +  95)  =  55*  C. 

2.  efficient  weight  of  petroleum  residue  M20  with  tj  on 
graph/curve  Fig.  13 

7i8=*  0,947  rtt/M*. 

3.  Average/mean  heat  capacity  of  petroleum  residue  with  f 
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C,  —  (0,403  +  0.00081^)  -4=  =  (0,403  +  0,00081  -55)  — — 

V  Its  yo,947 

0,461k  ca  1/ leg  °C. 
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4.  Quantity  of  heat,  necessary  for  preheating  petroleum  residue, 
Q *=  Dc? (tt  —  f,)  =  5000*0,461  (95  —  15)  =  1,85*  10s  kcal/  kg. 


5.  Expenditure  of  heating  cf  steam  for  preheater 


<4-y)V 


1 .85- 10* 

\i—  237,5)0.98’ 


6.  Average/mean  logarithmic  difference  in  temperatures 


95—15 


**-l\ 


230.9—15 


=»  174“  C. 


7.  Number  of  tubes  in  cce  course  (on  preliminarily  taken  speed 
of  petroleum  residue  0.6  a/s)  n=15. 


8.  Area  for  passage  of  petroleum  residue  in  tubes  with  presence 
of  retarders 

f  ~  (0,7860, -to,) n- 
-  (0,785 -0,013*  -  0,001  -0,013)  15  -  0,0018  m\ 
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9.  Specific  weight  cf  petroleum  residue  when  k *  we  determine  on 
graph/curve  Fig.  13  cr  according  tc  formula 

T*p  0.000567  (f(>- 20)  = 

=  0,941  -  0,000567  (55  -  20)  =  0,922  «/*», 

where  ^**0,941  mjM *  -  specific  gravity/weight  cf  petroleum  residue 
with  t=20°C. 


10.  Speed  of  petroleum  residue,  which  takes  place  in  tufces, 

V ^ 3wxj/7c^ ”  J6(X)-o;ooi8  0.9^  =  0,83  */s» 

11.  Coefficient  of  heat  transfer  frcm  vapor  to  admiralty  fuel 
oil  M12  in  depending  on  his  speed  and  mean  texperature,  in  reference 
to  external  surface  cf  tunes,  we  determine  cn  graph/curve  Fig.  41 

&,=  175  kcal/m2-Vj  ®C. 

% 

12.  Correction  factcr,  which  calculates  trand  of  petroleum 
residue  M20  on  the  basis  ox  data  tc  formula  (129),  e,  =0,93 

13.  Correction  factcr,  which  calculates  cse/application  cf 

retarders  on  the  basis  cf  graph/curve  Fig.  42  *,=  1,42. 

14.  Calculated  coefficient  cf  heat  transfer  from  vapor  tc 


j 
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petroleum  residue  M20 

*  —  Vi*»“0,93-1.42-1.75  -  232  Kcai/m*-K  °C. 
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15.  Necessary  surface  cf  heating  preheater,  referred  to  outsid 
diameter  of  tubes 

J2-  =  457 

Atk  174-232  * 

16.  Actual  heating  surface  tailing  into  account  possible 
pollution/contaminat ior 

/%— 1.1  -F—l.l *4,57 as5,0  M*. 

17.  Average/mean  length  ci  seai-V-sba ped  tube 

/  ~  — .  = _ 5 _ |Q3  j. 

18.  Space  of  locaticn  cf  pipes. 

f =<4  +  17  +  6  =  23  mm. 

19.  Inner  diameter  cf  housing  (from  conditions  fcr  location  of 
teams  of  V-shaped  tubes,  divided  in  cover/cap  by  partiticns/taf fles 
ensuring  6  courses  of  petroleum  residue)  is  accepted  ^■=»283 


8  18.  Calculation  of  the  preheater  of  oil. 


Initial  data  for  the  calculation 
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Productivity  of  preheater  D=2u00  )cg/h. 


Temperature  of  oil  upon  the  entrance  into  preheater  tt 


Temperature  of  oil  cn  leaving  from  preheater  t2-=70°C. 


Brand  of  oil:  turbine  Ul. 


Vapor  pressure  of  heating  p,=*29  atm 


Me  accept. 


Heat  availability  factor  tjs=0,98. 


tube  copper  V-shaped  with  a  diameter  of  djdm=  10/8  mm. 


Number  of  courses  cf  oil  in  the  tubes  cf  preheater  z=4 


Let  us  determine  (on^atles  1-3  of  applicaticns/appendices) 


Temperature  of  heating  of  steam  —  230,9° C. 


15°C. 


Enthalpy  of  that  heating  of  steam  i=669.5  kcal/kg. 
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Enthalpy  of  the  condensate  of  heating  cf  steam  when  pm,  equal  tc 
q=  237 . 5  kcal/kg. 

Course  of  computation. 

1.  Mean  temperature  of  cil  in  heater. 

*cp  —  0,5  (ft  +  fj)  =  0,5  (15  +■  70)  =  42,5°  C. 
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4.  Quantity  of  heat,  necessary  for  heatirg  cf  cil, 
Q -  Dcf  (f, -  f.)  =.2000-0.428 (70  -  15)  47 200  kg/ h . 
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6.  Average/mean  loganrnmic  difference  ir  temperatures 

70-15 


-b.-h 

*n  —  t\ 


=  187°  C. 


7.  Number  of  tubes  in  cne  course  (on  preliminarily  taken  speed 
of  oil  1.5  m  s)  we  accept  n=d. 


8.  Area  for  passage  ot  oil  in  tubes 

/=*  0,785^/t  =  0,785  ■  0,008!  -  8  =  0,000402  m\ 

9.  Specific  gra vity/weight  of  oil  when  fcp  is  determined  on 
graph/curve  Fig.  13 

Tcp  — 0,886  m/M*. 

10.  Speed  of  oil,  which  rakes  place  in  tubes, 

n  2 

v  =  JUXI/7cp  =  360U  O.OWH02  0.8a6  **  B/s» 

11.  Coefficient  of  hear  transfer  frcm  vapcr  to  oil  in  depending 
on  its  speed  and  mean  temperature,  in  reference  to  external  surface 
cf  tubes,  is  determined  cn  graph/curve  Fig.  43 

A  =  263  kcal/m*  -K  °C. 


12.  Necessary  surface  cf  heating  preheater,  in  reference  to 
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outside  diameter  of  tubes. 


F= i 


_0_ 

ktk 


47200 

l»7-2t>3 


=  0,96  m\ 
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13.  Actual  surface  cf  heating  preheater  taking  into  account 
possible  pclluticn/ccntamiaaticn 

/>=  l,04-/r=  1,04-0,96=  1,0  m ». 

14.  Aver age /mean  length  cf  semi- V-sha ped  tube 

l„  F*  — _ L® _ selO-* 

15.  Space  of  locaticn  of  tubes 

t  —  l,3rf,=  1.3-10=  13  mm. 

16.  inner  diameter  cf  housing  (from  conditions  fcr  location  of 
beams  of  V-shaped  tubes,  divided  in  cover/caF  by  partitions/taffies, 
ensuring  four  courses  of  oil)  we  accept  0^  =  100  mm. 

§  19.  Calculation  of  oil  cccler. 

Initial  data  for  the  calculation. 


Productivity  of  oil  cooler  D=16  m/h. 
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Temperature  of  oil  upon  the  entrance  intc  oil  cooler  ti=55°C 

Temperature  of  cil  cn  leaving  from  cil  cooler  t2=37°C. 

Brand  of  oil:  Turtine  T. 

Oil  pressure  in  the  oil  cooler  Pi=3  kg/ca2. 

Quantity  of  that  coding  eater  (aarine)  G=50  m/h. 

Temperature  of  coding  mater  upon  entrance  t3=15°C. 

Pressure  of  cooling  mater  Fa5*?  kg/ca2. 

He  accept. 

Tubes  German  silver  of  straight  lines  with  a  diameter  of 
=  10/8  MM. 

Number  of  courses  cf  coding  mater  in  tubes  z=2. 

Intertube  space  is  divided  by  segmental  partitions/baf f les. 

Heat  capacity  of  ceding  (sarine)  mater  c,  =  0.94  keal/kg  °C 
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The  specific  gravity/weight  or  cooling  (oaring)  water 
7,=  1,025  m/it*.  ■ 

Course  of  computation. 

1.  Mean  temperature  ot  oil  in  oil  cooler 

K,  *  0,5  (*»  +  '*)  -  0,5  (55  +  37)  -  46°  C. 

2.  Specific  gra vity/weignt  of  oil  when  t'  on  graph/curve  Fig. 

11  “ 879  kg/a  a. 

Page  104. 

3.  Average/mean  heat  capacity  of  oil  with  V 

c, -  (0,403  +  0,00081  f  )  -L=  =  (0,103  +  0,00081  -46)  *4=  — 

y  7is  /w  ' 

0,462  kcal/kg  °C, 

where  Tis-0.9  t/m3  -  specific  gravity/weight  cf  oil  with  t=15°C  on 
graph/curve  Fig.  13. 


4.  Quantity  of  heat,  given  up  by  oil  to  water. 
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Q  —  Dcf  {£ ,  -  tt)  —  1 6  000  •  0,462  (55-37)  — 132  000  k  c  a  1  /  h . 


5.  Tempe rat ure  of  cooling  water  on  leaving  from  oil  cooler 

j.  t  j _ Q _ ic  t  132000 _ |7  o»  p 

*«  —  **  +  =*  15  +  50000-0,94  ~  * ' ,0 

6.  (lean  temperature  c£  cooling  water 

t\9  -  0.5  (f,  + 14)  =  0,5  (15  +  17,8)  =  16,4°C 

7.  Avarage/mean  logarithmic  difference  in  temperatures  between 

oil  and  water  according  tc  formula  (36)  for  crosscurrent 

A,  (55—17.8)  —  (37-16.4) 


55— I7.a 
37-16.4 


8.  Speed  of  cooling  water  in  tubes  we  preli ainarily  accept 


v’  =»  0.7  a/s. 


9.  Number  of  cooling  tubes  in  oil  cooler  in  preliminary 
determination. 

n>  ja,  G*  _ _ ^’7 _ ax  771 

2J25  2825- 0,0083-0, 7- 1,025 

10.  Space  of  location  cf  tubes  on  triangle 

£-1,354.-  1.35- 10=  13,5  am. 

11.  Inner  diameter  cf  housing  (from  conditions  fcr  location  of 
beam  of  tubes,  divided  in  ccvar/cap  by  partiticn/baf fie,  which 
ensures  two  courses  of  water  in  tubes)  we  accept  Ac  =  435  MM- 


12.  Number  of  cooling  tunes,  placed  in  oil  ccoler,  n=778 
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13.  Speed  of  cooling  water  an  tubes 


Ga 


2825-<#it* 


50-2  , 

2825-0,006*-778- 1,025 


=  0,693 


a/s. 


14. 


Kinematic  viscosity  of  water  with 


cn 


6  of 


appendices 


15.  Criterion  of  Beynclds  fcr  water 


With 


Re  =  5^ 
_  v» 

2200<Re=50  00<  ICO 00 


_  0,693  0,008 
UNIT*  = 
tne  action 


5000. 

is  unstable 


16.  Prandtl  number  for  water  will  comprise  1 

Pr—  3600  v»  _  3600- 1,1  M0-« 

«•  5,03- 10-». 

U/'i 

where  <*•— 5,03-1  Or4  a*/h  -  coefricient  of  theraal  diffusivity  cf  water 
C,"  16,4°  C, determined  in  ^able  6  of  applicaticns/appendices. 

POOTNOTE  1 .  See  footnote  to  §  16.  ENDFOCTNOTE. 
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17. 


Grashof*s  criterion  for  tne  water  2 


Gr> 


gdivu  9,81-0, 008*'  1,14- 10  *-2.8 


1330, 


•.*  (1.1 1- 10"*)* 

where  8=1.14»10"*  1/°C  -  coefficient  of  the  expansion  of  water  in 
Table  6  cf  applications/appendices  when  «16,4°C;  <3-9.  ?7  b/s2  - 

acceleration  of  gravity  dt=t «-t 3=  17. 8-1 5=2 . 8 °C  -  difference  in  the 
temperatures  cf  water. 


FOOTNOTE  2.  Then.  ENDFCCINGlh. 

18.  Product  of  criteria 

GrPi*  — 1330-7,93*  —  6,65- 10*. 

19.  On  graph/curve  Fig.  44  in  depending  on  GrPr3  and  Pr  with 
He=5000  for  transient  mcde/ccnditicns  we  determine  Nu=38.5. 

20.  Heat -transfer  ccarficient  from  wall  to  water 


_  Nu  A.  38  £-0SOT  . 


where  x.*o,507  fccal/m-  hour  °C  -  thermal  conductivity  of  water  when 
on  tables  8  of  applications/appendices. 
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21.  Prom  conditions  ct  laying  out  of  tubes  and  location  of 
parti tions/baf f les  in  housing  ct  oil  cooler  we  accept: 

nt=12  -  number  of  gaps/intervals  (sections)  between 
pa  rtiti  or.  s/baffles; 

h-0 .094  m  -  distance  between  p  amtions/baf  f  les ; 

m=18  -  number  of  series/rcws  ct  tunes,  arranged/located  between 
shear/sections  of  part iticns/tatiles; 

■3=492  -  number  of  clearances  between  tubes  it  series/rows, 
streamlined  with  cross  flew; 

yo=0.0153  a  -  average  distance  between  heusing  and  wing  tubes; 

0=116©  _  central  angle  cf  segaect,  formed  by  groove  in 
partition/baf f le; 


DOC  =  80040206 


PAGE 


i£t 


Ht=126  -  number  of  tubes,  arran gea/locat ed  in  segmental  groove  of 
partition/baf f le . 

22.  Clearance  between  cutes 

y  —  t-dn~  13,5-  10=3,5  .**-=0,0035  *. 

23.  Average/mean  area  of  section  for  passage  of  oil  between 
partitions/baffles 

/.  -  (2y.  +  -g*  J ')  h  -  (2-0.0153  +  0,0035)  0,094- 

—  0,0164  *», 

24.  Sectional  area  fox  passage  of  oil  atcve  Fartit ions/taf f les 

/•— — s*1*?)  —  T**5- 

—  =m  116) -3^126  -  0,0164  V. 

25.  Average  speed  cf  oil  between  partiticns/baf fles  and  above 
them,  since  ft=f2, 

0  15  ^  6) 

“  =  **  3600  0, 0164-0, 87»  “ ^,307  MjctK. 

Key:  (1)  .  m/s. 


26.  Average  speed  cf  oil  it  cil  cooler  with  transverse  segmental 
partitions/baffles 


Lvm  +  (N—  IMw* 

i  +  (/y  — 1)4 


1,04  0  307  -HU  1)2,3?-0,307 __q  § 

i.tM  +  (ii  -  i )  i,si  ~~ u,'*ua  “ice*- 
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Key :  ( 1)  .  a/s . 
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Here  L=1.04  m  -  distance  between  the  inlets  and  oil  outlet; 

N= 1 1  -  number  of  partiticns/fcarf les; 

f  -  area  of  the  segment  above  the  partit ion/fcaf fie: 

/ *“/»  +  — j1  —  0,0164  +  -U4°01*  126  =» 0,0265  m%; 

'  •  ==2-32  *• 

where  S  -  a  chord  length; 

5 -  D.  sin  -J-  =  0,435- sin  —  0,369  m. 

27.  Heat-transfer  coefficient  from  cil  tc  wall  of  tube 

«-  =  550j/^(l+0,006Q  = 

.550/^0 +0,(x)6.46)-208  kmu^'-hoc'C. 

Key:  (1).  the  kcal/m*h  °C. 

28.  Coefficient  of  thermal  conductivity  of  German  silver  tubes 
(on  tables  38)  X=25  kcal/a-  hour  °C. 

29.  Coefficient  of  heat  transfer  from  oil  tc  cooling  water 


-JWi 
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3^ 


ft-- 


»  *»-d.  I 

■+■  2A  + 


I 


<S) 


I  0.01—  «.<X»  .  I  If- 0.0 1 

Soft  +  *-26  +  '  0,01  +  0,008 


1 88  kkoaIm *■  koc  °C. 


Key : 


2-24 

(1).  the  fccal/m2h 


»C. 


30.  Necessary  cooling  surface  of  oil  cccler 


132000 


3  25,1  **. 


At*  28- 188 

31.  Distance  between  tube  plates  or  effective  length  of  tubes 
/— *,4  +  /V*=  12-0,094  +  11  0,003-  1,163  m , 

where  with  6=0.003  a  -  thickness  cf  part iticns/baf f les. 


32.  Complete  coding  surface  cf  oil  cccler 
—  — 3,14-O.QI- 1,163.778  -  28.6  **. 
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§20.  Calculation  of  air  preneater. 


initial  data  for  the  calculation. 


Productivity  of  preheater  at  temperature  t=15°C:  G,  =5000  m3/h. 


Temperature  of  the  air,  wnich  enters  the  preheater,  tt=-25°C. 
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Temperature  of  the  air,  union  emerges  frca  the  preheate 
t2=*15°C. 

Vapor  pressure  of  beating  Pa  - 5  atm(abs.). 

We  accept. 

Heat  availability  factor  n-  =0.  98. 

Tubes  brass  of  diaaetars  fjd*  =10/8  mm. 

Humber  of  courses  in  tubas  2=1. 

Space  of  tubes  in  tba  width  of  beam  s*=15  mm. 

Space  of  tubes  in  tba  depth  of  beam  s2=12.5  am. 

We  determine  (on  *£ab  le  1-3  cf  applicaticns/appendices) . 
Temperature  of  heating  steam  f,1  =15  1,1°C. 

Heat  of  vaporization  r=5U4.2  ucal/kg. 


Course  of  computation 
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Key; 


Key; 


1.  Mean  temperature  of  air 

'«*  —  0.5  V,  +  ta)  =  0,5  (—  25  +  15)  =  -  5°  C. 

2.  On  "Cable  5  of  applications/appendices  when  *cp  we  determine 


1)  kinematic  viscosity  or  air  •*  =12.9«10“*  m/s; 


2)  coefficient  of  tfcaraal  cocauctivity  X=2.02»10“*  kcal/m  h°C; 


3)  heat  capacity  of  the  air  c 9  =0.  241  kcal/kg  of  °C; 


3)  specific  gravity/weight  of  air  V  =  1.  280  kg  m3 ; 


i)  specific  gravity/weight  of  air  with  t  =  15°C;  Ti»  =1.185  kg/m3 


J.  Weight  quantity  cf  air,  passing  through  heater, 
™  ^»Ti»  —  5030  ■  1 , 1 85  =»  5930  Kzjkac. 


(1)  .  kg/h. 


Volume  of  air  with 


5930  (j) 

'T3so  =  4650  m',  wc. 


[1).  a3/h , 
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5.  Quantity  of  heat,  requited  for  heatinc  of  air, 

Q  —  Gmc,  (f,  -  f,)  »  5930-0,241  (15  +  25)  =  57  200  kkoaIhoc. 
of  Key:  (1)  .  kcal/h. 
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6.  Expenditure  pair  tor  preheating  cf  air 
Om: 

Ke y  :  ( 1)  .  kg/h. 


Q  57200  0), 

7?  “5042^95  = 116  **/««■ 


7.  Teaperature  head  between  vapor  and  air 

tM  - a  151.1  +  5 a  156,1° C. 

8.  We  preliminarily  accept  following  structural/design 
sizes/dimensions  of  preneater,  being  guided  by  fulfilled  draft 


number  of  seriss/rcws  of  rubes  in  depth  cf  team: 


with  even  quantity  cf  tubes  ...  m!  =  3 


with  odd  quantity  cf  tubes  ...  a2=2 


number  of  tubes  in  even  series/row  ...  nt=30 


number  of  tubes  in  cdd  series/row  ...  nz=29 


Distance  between  tube  plates  ...  %=0.63  a 


distance  from  wall  cf  housing  to  wing  tube  ...  6=0.003  o. 


9.  Dimensions  of  seczj.cn  of  housing  for  passage  of  air  in  width 
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flow  around  tubes  of  staggered  arrangement  will  be  determined 
according  to  to  formula 

=  1,15-0, 223^i^19550M=127  KH^t/M'-iac'C. 

by  Key:  (1).  kcal/m2h  °C. 

where  c  -  a  coefficient  (cn  "Tanle  9)  when 1,5: 

*=1+0.1 -£*1  +  0.1 -£  =  1,15; 

•  ■  -  coefficient  in 'table  9  as  a verage/mean  for  five  series: 

,_*'  +  /»'  +  3n'"  0.15  +  0,20  +  3-  0.255  „  noo 

5  *  5  “■ 

n=0.6  -  an  exponent  on  "It able  S. 

14.  Coefficient  of  heat  transrer  from  vapor  to  air 

£  ~  a—  127  KKaJi/M^-Kac °C. 

Key:  (1).  kcal/m2h  °C. 

15.  Necessary  surface  of  heating  preheater 

Q  __  59100 

itk  156,1.127''-'  3’0  M  • 

16.  Accepted  surface  according  to  preliminary  sizes/disensions 

,  («i*»  +  m,n,) nd^hm (30 -3  +  29-2)3, 14-0,01  0, 68=3,  16*\ 

In  the  case  of  disagreement  it  is  mere  than  to  -5-M0o/c  between 
the  necessary  surface  and  surface,  accepted  according  to  preliminary 
sizes/dimensions,  should  ne  changed  the  sizes/di mensiens  accepted  and 
again  produced  calculation. 
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During  the  setting  up  cf  air  preheaters  in  the  special 
compartments  from  which  tne  fans  supply  air  ictc  the  operating 
locations,  the  heat  availability  factor  is  accepted  *1  =1,0. 

$21.  Calculation  of  the  coolant  or  air. 

Initial  data  for  the  calculation. 

Productivity  of  ccolant  at  temperature  t=15°C,  =3000  m3/h. 

Temperature  of  the  air,  wnicn  enters  the  coolant,  tt  =  27°c. 

Temperature  of  the  air,  which  emerges  frcm  coolant  t2=18°C. 

Temperature  of  the  trine,  which  enters  in  ccolant,  t3=7.5°C. 

Temperature  of  the  trine,  which  emerges  frcm  the  coolant, 

1 4=  10 . 5°C . 


We  accept. 


Tubes  brass  with  a  diameter  of  djd,=^  16/14  mm. 
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Number  of  courses  ci  trice  in  tubes  z-2. 

Space  of  tubes  in  the  widen  or  bean  s,  =  22  on. 

Space  of  tubes  in  the  aeptn  cr  bean  s2  =  2C  on. 

Heat  capacity  of  trine  c‘0  -0.93  keal/kg  °C. 

The  specific  gravity/w8ignt  of  brine  =1.025  r//*a3« 

Page  111. 

Course  of  computation. 

1.  Mean  temperature  of  air 

C  -  0,5  (fL  +  tt)  ~  0,5  (27  +  18)  -  22,5°  C. 

2.  On  "fable  5  of  layings  wnen  we  determine: 

1)  heat  capacity  cf  che  air  cp  =0.  242  kcal/kg°C; 


2)  coefficient  of  thermal  conductivity  X=2.  18*10”*  kcal/n*h°C 
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3)  kinematic  viscosity  »  =15. 93« 1 0”6  a2/s. 

4)  specific  gravity/weight  1  =1.155  kg/a3; 

5)  specific  gravity/wei ght  with  t=15°C,  equal  to  7,,  = 
kg/m3 . 

3.  Weight  quantity  cf  air#  passing  through  coolant, 

0) 

(/,  =  0,7,»  =  3000 •1,185  =  3560  Kzjtac. 

Key:  ( 1)  .  kg/h. 

4.  Volume  of  air  with  t[f 

°--T 

Key:  ( 1)  .  m3/h. 


3  VO  0) 

-^  =  3080  M*Vac. 


,5.  Quantity  of  heat,  atstr acted/remcved  ty  brine. 


(•) 


Q  =  Q\cp  (tx  -  tt)  =  3560-0,242  (27  -  18)  =  7800  kkoaIkoc. 
Kay:  (1) .  kcal/h. 


6.  Bean  temperature  cf  trine 

Kp  =  0.5  (t,  +  /,)  -  0,5  (7,5  +  10,5)  =  9°C. 

7.  Quantity  of  trine,  required  for  cooling  cf  air. 


W  =  — 


7*00 


e.pV\-t i)  0,93(10,5  —  7,5) 


(D 

2800  Ktjixic. 


BB 


1.  185 


Key:  (1)  .  kg/h. 
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8.  Ms  preliminarily  accept  following  struct ural/ design 
sizes/dimensions  cf  coolant,  ceing  guided  by  fulfilled  draft: 


number  of  series/rcws  cf  tunes  in  depth  cf  beam  ...  m®16. 


Number  of  tubes  ic  the  width  cf  bean  ...  n=18. 


Distance  between  the  tuba  plates  ...  '1=0.485  m. 


Distance  from  the  wall  of  housing  tc  farthest  tube  with  6*0.009 

m. 

9.  Size/dimension  of  section  cf  housing  for  passage  of  air  in 
width  of  beam 

bmm  (n  —  1)  5,  +  4,  +  2J  =  (18  —  1)  0.022  +•  0,016  +  2-0,009  =» 

-  0,408  m. 

10.  clear  area  for  passage  cf  air 

/—  (ft  -  »<*.)  i-  (0,408  - 18.0,016)  0,485  -  0,0582  m\ 
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11.  Average/mean  air  speed  in  coolant 
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Key:  (1)  .  m/s, 


12.  Reynolds  number  for  air 

Re  T  liliiF  “  1470°* 

13.  Heat-transfer  ccerricient  from  wall  tc  air  for  transverse 
flew  around  tubes  of  staggered  arrangement  will  be  determined 
according  to  to  formula 

A- Re«=  1,1375-0,246  14700M  = 

«=123  KKaAlM*-Hac°C, 
kcal/a^b  °C. 


by  Key:  (1). 


vh 


ere  coefficient  c  in  "Cable  9  wo e n  ™  1.375: 


c  —  1  +  0,*l  |J-  -  1  +  0,1  §  =  1,1375; 


t  -  coefficient  in  'fatla  9  as  average  for  16  series/rows: 

0.13  +  0,20+  14-0,255 
<  - - jg - =  0.245; 

n=0.6  -  index  of  degree  cn  Table  9. 


14.  Hean  temperature  of  wall  cf  tube 

t„  -  0,5  +  Q  =  0,5  (22,5  +  9)- 15,75°  C. 

15.  Temperature  of  boundary  layer  from  the  side  cf  brine 

=  0-5  (*„  +  Q  =0.5(15.75  + 9)  12.3°  C 


16.  Fate  of  brine  in  tubas 


2825*JTpnm  2825-0, OHM,  025- 18- 16 


2  a.  9  0) 

- =0,0342  M/ce/t. 


Key:  (1) .  m/s. 
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17. 


Reynolds  number  fct 
Re  -  ^ 


trine 

0,0342-0,014  onn 
“  1 ,23- 10“ * 


where  |t23«  10~ *  at  t ^  =  12.3°C  (cn 'Cable  6  cf 

applicaticns/appendices) . 
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18.  Prandtl  nuabei  for  brine 


3600- v-  3600. 1 .2.1- UT*  oc 

Pr  ®  ~  “*  _  .  e  1A_i  wiOp 

a  5,15*10  4 

where  a=5.15»10“4  a2/h  -  coefficient  of  theraal  diffusivity  cf  brine 
when  *tp  (on  "Table  (p  appendices). 


19.  Grashof's  critencn  fcr  trine 


Gr  = 


9,81 -0.0I43  1,16- ID-4  3 
(1.23I0-6)2 


=  6250, 


where  &=+ 1 . 16 •  10”4  1/°C  -  coefficient  of  expansion  of  water  when  *rp 
(on^table  6  of  applications/app enaices)  ;  zt-*  t,  —  10,5—7,5  =  3°C  * 

difference  in  temperatures  cf  trine. 


20,  product  GrPr=6250«d. o  =  5. 35*  104. 


21.  Heat-transfer  coefficient  from  wall  to  brine  for  laminar 


DOC  =  80040206 


FAGS 


flew  cf  brine  in  tubes 

S— 0.74  ^Re01  (GfPr)0,lPr02=  0,74  ~  390" 2 -53  500°  '•  8.6°  2  - 

0) 

•=397  KK(M/M*-HaC°C, 

Key:  (1).  the  kcal/a2-h°C. 

where  =0.5  a  kcal/m-hour  °C  -  thermal  conductivity  of  brine  when 

according  to  the  data  cf  table  k  applicaticns/appendices. 


22. 

23. 


Ratio  of  length  of  tubes  to  dianeter 

/  0,485 


</.  “0,014  " 

Correcting  coefficient  s 


=34.6. 

on  ^able 


6: 


=1.036. 


24.  Heat-transfer  coefficient  from  wall  to  trine  with 
consideration  correction  factor 

*p  —  *®p  =•  1 ,036 •  397  =  412  K^AjM^-iac  °C- 
Key:  ( 3 )  .  kcal/m2-h°C. 

25.  Coefficient  of  thereal  conductivity  cf  brass  tubes  X=90 
kcal/m-h°C. 


26.  Coefficient  of  heat  transfer  frem  aii  tc  brine 
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Key:  (1)  .  kcal/a2-h°C. 
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27.  Average/mean  logarithmic  difference  ir  temperatures  for 

crosscurrent  of  air  and  trine 

s  j,  (*t  “  *4)  ”  (27  —  10,5)  —  (18— -9)^^ 

■  ' 

28.  Necessary  cooling  surface 

/?a  9 _ .  7800  _ e  oc  ^ 

r  41*  14, 35-93  —  6,85  ^ 

29.  Actual  cooling  surface  according  tc  preliminarily  taken 
sizes/dimensions 

F,  =  KdJmn  =  3, 14.0,016-0, 485- 16-18 si 7,0  m\ 


In  the  case  of  coding  external  atmospheric  air  in  the 
calculation  of  coolant  should  he  considered  the  moisture  content  of 
air,  and  also  the  permissible  (prescribed/assigned)  mcisture  content 
cf  the  cooled  air. 


In  this  case  with  rhe  execution  of  calculation  is  applied  I-d 
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the  diagraa  of  humid  air  1. 

FOOTNOTE  ».  A.  7.  Nesterennc,  use/applic aticn  I-d  diagram  in  the 
calculations  of  ventilation,  atrciizdat,  1950.  ENDFCOTNOTE. 


t 


i 

! 
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Chapter  III. 

Calculations  of  resistances. 

§22.  Losses  of  head  in  the  apparatuses. 

Losses  of  head  in  the  apparatuses  depend  cn  the  presence  of 
resistances  which  oust  cverccae  the  moving/dri ving  mass  of  liquid  cn 
its  path. 

These  resistances  are  of  two  xinds:  a)  the  frictional  resistance 
of  liquid  against  the  walls,  which  depends  cn  the  physical  properties 
cf  liquid,  its  rate,  frca  the  quality  of  surface  and  sizes/diaensicns 
of  the  duct;  b)  local  resistances,  which  appear  as  a  result  cf 
changing  the  direction  cf  actict,  and  also  as  a  result  of  a  change  in 
the  geometric  form  of  fluid  flow. 

With  the  course  of  liquids  distinguish  character  their  actions. 
In  the  rectilinear  direction  the  actions  and  during  the  sufficiently 
coze  of  the  liquid  of  its  particle  move  rectilinearly  and  in  parallel 
to  each  other.  This  motion  is  called  flowing,  or  laminar. 
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At  hiqh  rates,  even  in  tne  case  of  rectilinear  direction,  flow, 
single  particles  the  liguius  mcve  disorderly,  ever  tte  curved  lines 
and  in  different  dirsetiens,  moreover  the  particle  path  they 
corstantly  change.  This  notion  is  called  vortex/eddy,  or  turbulent. 

The  diagram  of  laminar  and  turbulent  fluid  flows,  which  shows 
the  distribution  of  rates  according  to  the  diameter  of 
conduit/manif old ,  is  represented  it  Fig.  55. 
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Fig.  55.  Diagram  of  the  laminar  and  turbulent  action  of  liquid  in  the 
duct. 


Key:  (1).  Turbulent  motion.  (2).  Viscous  notion.  (3).  Relative 
distance  from  axis/axle  to  duct. 
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The  criterion  by  snicn  it  is  possible  tc  judge  about  the 
character  of  the  state  cf  metier  cr  flow,  is  the  value  of  Reynolds 
number.  The  value  of  Reynolds  number,  with  wfcca  cccuts  the  transition 
cf  mode/conditions  from  laminar  to  turbulent,  is  called  critical,  and 
the  rate  of  flow,  which  corresponds  to  a  critical  number,  is  called 
critical  speed. 

Reynolds  number  (cr  Reynolds^  parameter)  is  expressed  by  the 


following  formula: 
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where  v  -  a  rate  of  medium,  m/s;  d  -  diameter  cf  duct,  ■;  v 
kinematic  viscosity,  m2/s;  1  -  specific  gravity/weight,  kg/m3;  p 

dynamic  viscosity,  kg*s/n2;  g=S.e1  -  acceleration  of  gravity  m/s2. 

With : 

Re<2200  -  laminar  flew;  220G<He< 1CQ00  -  wobble;  Be>10000  -  the 
turbulent  flow; 

^Chus ; 

Number  2200  -  lower  critical  Reynolds  nunber. 

Number  10000  -  upper  critical  Reynolds  number. 

Loss  to  friction  in  tae  str aight/direct  section  cf  the  duct 
4 p  =  0  «!/.-,  (J89) 

where  X  -  coefficient  cf  fricticn  drag;  T  -  length  of  duct,  m;  d  - 
diameter  of  duct,  m;  v  -  rate  cf  medium,  m/s;  y  -  the  specific 
gravity/weight  of  medium,  *g/m3.  g=9.81  -  acceleration  of  gravity 
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The  local  losses: 

'  V  =  k*!m\  (190) 

where  %■  -  coefficient  cf  local  resistance;  v  -  rate  of  medium  after 

local  obstruction,  m/s;  7  -  tae  specific  gravity/weight  of  medium, 
kg/m3;  g  -  acceleration  cf  gravity  m/s2. 

Page  117. 

Resistance  in  the  rune  system  of  the  apparatus: 

/»=- 2(0,03^  +  ®0>a*CT*  (l91) 

Key:  (1).  water  column. 

where  z  -  a  number  of  courses  cf  water  in  the  apparatus;  %  -  length 
cf  tube,  m;  d  -  inner  diameter  cx  tube,  m;  v  -  the  average  speed  cf 
water  in  tubes,  m/s;  g  -  acceleration  of  gravity  m/s2;  8  - 
coefficient,  which  considers  the  effect  cf  mean  temperature  and  rate 
of  water  (it  is  accepted  cn  of  the  curves  cf  Fig.  56) ;  vx  -  velocity 
cf  water  in  branch  pipes,  m/s. 

In  formula  (191)  the  first  term  in  the  brackets  considers  losses 
of  head  to  friction  in  the  tufces;  the  second  term  in  the  brackets 
considers  local  losses  in  tne  tubes.  Losses  in  the  branch  pipes  of 
apparatus  are  considered  by  ta«  latter/last  member  cf  formula. 
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Pig.  56  gives  curves  rcr  determining  the  value  cf  coefficient  0 
in  the  dependence  on  near  temperature  and  rate  cf  water. 

With  the  loads  of  lcwer  than  the  calculated  resistance  in  the 

apparatuses  is  determined  trca  tc  the  foraula 

'•  *•••*  • 

m  aoa.  CT:  O92) 

by  Key:  (1).  water  coluan. 

where  W,  W*  -  consuapticn  cf  water  respectively  with  calculated  and 
smaller  loads,  m3/h;  h,  h*  -  nydraulic  resistance  respectively  with 
calculated  and  smaller  lcaas,  a  water  column". 

Hydraulic  resistance  ox  capacitor  according  to  the  data  cf  VTI: 
A  =*  z  (bLv'n  +  0, 135v'  s )  m  boa.  ct ..  (193) 

Key:  (1).  water  column. 

where  z  -  a  number  of  courses  of  water  in  the  capacitor;  b  - 
coefficient,  depending  cn  the  annex  diameter  cf  tubes  and  mean 
temperature  of  water  deterained  on  ^able  18;  L  -  length  of 
tubes,  a;  v  -  rate  of  water  in  tube,  m/s. 
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Fig.  56.  Value  of  coefficient  p  in  depending  cn  aean  temperature  and 
rate  of  water. 

Key:  (1).  m/s.  (2).  Coefficient. 

Page  118. 

With  a  significant  deviation  cf  kp  from  20°C  the  indicated  in 
Tabla  18  value  b  should  be  multiplied  by  value  *=  1  +  0. 007  (^ep  —  20)-  - 

Resistance  in  the  intertube  space  of  apparatus  with  the 
transverse  bulkheads: 


1)  in  the  passages  between  the  partiticns/taff les 


-  Wi" 

H  2 g 


(1]  , 

kz/m', 


(194) 
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Key:  (1)  .  kg/m2. 


where  f  -  a  function  of  Beynclds  number,  equal  tc 


/-0,75(m; 


-0.J 


ib  -  number  of  series/rcws  of  tutes,  intersected  by  the  flew  cf  the 

medium;  y  ~  the  specific  gravity/weight  cf  medium,  kg/m3;  n  -  number 

Ol 

cf  gaps/intervals  between  the  partitions/baffles;  gt  -  distance 
(clearance)  between  the  series/rcws  of  tuhes,  m;  »,  -  rate  of  liquid 
at  the  adge  of  parti ticn/fcaff le ,  m/s;  p  -  absolute  viscosity  at  mean 
temperature  of  medium,  kg*s/m2;  g  -  acceleration  of  gravity  m/s2. 


2)  during  the  flow  through  the  partitiers/fcaff les 
.  0,0813a ,  /tQcx 

V  =  -  «?/•«*.  (595) 

Key:  ( 1)  .  kg/m2. 


where  z  -  a  number  of  partiticns/haf f les ;  u  -  the  mass  flow  rate 
through  partition/baffle,  equal  to 

,  .c<> 

u  =  Ki\jr-cetc\ 

Key:  ( 1)  .  the  kg/m2s  . 


v2  -  rate  of  the  mediua  above  partiticn/fca f f le,  m/s . 

♦ 

Pig.  57  sch emat ical ly  depicts  heat  exchanger  with  the  transverse 


i 
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bulkheads  and  flow  chart  fluid  flow  in  its  intertube  space. 

Resistance  in  the  tubular  heat  exchangers  with  the  course  of 
medium  in  the  intertube  space  it  parallel  to  the  axis/axle  of  tubes 
is  defined  normally,  as  for  the  case  of  the  course  of  medium  cn  the 
straight/direct  tubes  whexeoy  into  the  formula  is  substituted 
equivalent  hydraulic  diaieter. 


1 
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'table  1  8.  Values  of  coefficient  of  b. 

d„  MM  14  16  |  IS  20  22  24  26 

b  0,138  [  0,117  j  0.101  0,088  I  0,078  0.070  0,064 

Page  119.  The  losses  of  bead  of  petroleum  residue  on  1  lin.  m  in 
depending  on  rate  and  mean  temperature  of  petroleum  residue  are 
determined  on  the  graph/ccrve  Fig.  53.  The  curves  of  graph/curve  are 
constructed  according  tc  the  data  cf  tests  for  the  course  of 
petroleum  residue  M12,  820  and  H4Q  in  the  steel  tubes  with  a  diameter 
of  17/13  mm. 


Losses  of  head  on  1  lin.  m  for  the  same  brands  of  petroleum 
residue  with  their  course  in  the  same  tubes  with  retarders  depending 
cn  rate  and  mean  temperature  of  petroleum  residue  are  determined  on 
the  graph/curve  of  Pig.  59  whose  curves  are  also  constructed 
according  to  the  data  cf  the  tests  (about  the  ccnst ruction/d esign  of 


retarders  see  ge  5  6)  . 


The  losses  of  head  of  cil  on  1  lin.  m  in  depending  on  rate  and 
mean  temperature  of  cil  are  determined  ce  the  graph/curve  Fig.  60. 
Curves  of  the  graph/curve  are  plotted  according  to  the  data  cf  tests 


for  the  ccurse  of  oils  cf  brands  I  and  in  the  copper  tubes  with  a 


diameter  of  10/8  am 


Fig.  57.  Flow  chart  of  fluid  flew  in  the  intertube  space  of  heat 
exchanger. 

Fig.  58.  Curves  of  losses  of  head  of  petroleum  residue  with  course  in 
steel  tubes  with  a  diameter  cf  17/13  am. 

Key:  (1).  The  admiralty  fuel  oil.  (2).  heating  oil.  (3).  kg/ca*m. 

(4) .  Average/mean  tempe lature.  <5) .  m/s. 


DOC  =  80040206 


eage 


Page  120. 


Fig.  59.  Curves  of  losses  or  bead  cf  F@troleus  residue  with  course 
steel  tubes  with  a  diameter  cf  17/13  mn  with  retarders. 

Key:  (1).  The  admiralty  fuel  oai.  12).  Puel  mazut.  (3).  (Jean 
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Fig.  60.  Curves  of  losses  of  bead  cf  oil  with  course  ia  copper  tubes 
with  a  diameter  of  10/6  ia. 

Key:  {1).  oil  is  turbine.  (2).  kg/cm2m.  (3).  Mean  temperature.  (4). 
m/s. 
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Resistance  in  the  beam  of  the  ducts,  washed  by  the  cross  flow  cf 
air  (gas) : 


1-4- 


1)  in  the  checkerea  beams  with  e  =  -r — —  <0,53 

4—1 


&p  «=  2,8  (z  +1)  Re-”0'*  ijjj  kzJm*  HAH  MM  BOA.  CT.;  (196) 


Key:  (1).  kg/a2  or  am  H2C. 


1-4- 


wit  h  «  =  7 >  0,53 

-J-l  ^  . 

i/i  =3,86 («+ 1)  Y  Re_0B 7[g  KZ'M%  H*1H  MM  BOA-  CT-'»  (197) 

Key:  (1)  .  kg/a2  or  na  H2C. 


4-0-8 

2)  in  the  corridor  ts «---  •  i-tl-  * 
ip  —  0,53  (f-^~ 

\  ttm  —  i 

Key:  (1)  .  kg/m2  or  am  H2C. 

4  -  °*8 

with  •=  - - >  1 

4?  —  i 


a  m  a  m  a  in  «  a 


4-i 


->  i 


)I,9  m  ^  (l) 

Z  Re  KZ/m*  B.1M  MM  BOA.  CT.;  (198) 
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bp  »  0,53  ( 8)*  2  #*/**  H.1H  .«*  BOA.  CT.,  (199) 

Key:  (1).  kg/m*  or  mm  H2C. 


where  n  -  an  exponent;  w  hen  t=*  >  1,24 


/»-0*88(^i-°‘1)0,3>'1; 


when  ««-^-<I,24 


Resistance,  which  considers  correction  for  a  change  in  velocity 
head  in  connection  with  a  chance  in  the  temperature, 

•  Aptwm  ^73  +  /^  Ijjp  H‘,‘l  **  B0A‘  CT'  <200) 

Key;  (1) .  kg/m*  or  aa  H2C. 


Page  122. 

Here  d  -  outside  diameter  c£  tubes,  ca;  t»  -  space  of  tubes  in 
the  series/row  (in  the  aidth  ct  taam)  ,  ci;  t2  -  space  of  the  tubes 
between  the  series/rows  (in  the  aepth  of  bean),  ca;  t'j.  -  diaaetric 
space  of  tubes,  ca;  z  -  number  of  series/rows  of  tubes  in  the  beam;  v 
-  greatest  rate  in  the  team,  a/s;  vt9  -  aver ace/mean  air  speed,  a/s; 


g=9.81  a/s*  -  acceleration  of  gravity  y  -  the  specific  gravity/weight 
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of  air,  kg/m»;  t.  -  temperature  of  air  upon  the  entrance,  °C;  - 

temperature  of  air  on  leaving  °C;  fie  -  Reynolds  number. 

Formulas  (196)- (2CC)  are  applied  with  Be  from  6000  to  60000  and 
cn  spacings  between  tubes: 

1)  for  the  checkered  beams 

0,25  <  — 13-  <  2,5; 

2)  for  the  corridor  teaas 

— o.® 

0,2  <  -=j - <  6,5. 

-3— * 

Formulas  (196)- (200)  are  valid  for  resistances  at  the  angle  of 
attack  ■•y®=90°.  witn  a  decrease  of  the  angle  of  attack  cf 

resistance  decrease.  The  values  cf  correction  factor  «  = are  given 
in  Table  19. 

Steam  resistance  cf  tae  capacitors: 

V  =*(»-£  <**1$.  ct.,  (201) 

Key:  (1)  .  Hg. 

where  u  -  velocity  of  vapor  in  rbe  capacitor,  w/s  [see  formula  (86)  ]; 
v  -  specific  volume  cf  vapor,  a3/kg;  p  -  coefficient  of  steam 
resistance: 


For  the  nonregeneiative  capacitors  with  the  laying  cut  of 
tha  tube  plate  cn  the  triangle  ...  0.04. 

For  the  nonr  egeneran ve  capacitors  frcm  the  combined  by 
laying  out  tuba  plate  ...  O.Uj. 

For  the  regenerative  capacitors  with  the  laying  out  of  the 
tube  plate  on  the  triangle  ...  C.C18. 

For  the  regenerative  capacitors  frcm  the  combined  ty  laying 
cut  tube  plate  ...  O.Oli. 
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^able  19.  Values  of  correction  factor  *  for  the  angle  of  attack. 


r 

90 

80 

70 

60 

SO 

40 

30 

10 

c 

1 

1 

0,95 

0,83 

0,69 

0.53 

0,38 

0,15 

Page  123. 

Haximum  permissible  resistance  of  capacitor.  Normally  the  value 
of  steam'  resistance  cf  capacitor  must  net  exceed  the  data,  given  in 
Table  20. 

Precise  calculation  of  resistances  cannot  be  fulfilled 
virtually.  In  the  critical  cases  resistarce  must  ba  determined 
experimental! y. 
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Kay:  (1)  .  Diametar  of  capacitor  D,  n.  (2).  It  is  uore  than.  (3). 
Permissible  resistance  hp,  mm  hg. 

3 23.  Coefficients  of  friction  drag. 

Coefficients  of  friction  drag  can  be  determined  according  to  the 
following  formulas. 

For  the  liquids: 


fhe  values  of  coefficient  calculated  according  to  formula 
(203)  ,  are  given  in  'table  .1. 


AD-A084  076  FOREIGN  TECHNOLOGY  OIV  WRI6HT-PATTERS0N  AFB  OH  F/6  13/1 

CALCULATIONS  OF  SHIPBOARD  HEAT  EXCHANGERS' (U) 

APR  80  A  S  TSYGANKOV 

UNCLASSIFIED  FTD-ID(RS)T-0402-80 _ _ _  NL 
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Fig.  61  gives  ncacyram  for  determining  the  losses  of  pressure  in 
the  dependence  on  the  speed  of  eater  and  diameter  of  smooth  tubes. 

For  the  oil-products: 

0,02 +  -!4=.  (204) 

V  Ke 
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OJ  0,15  Oft  QJ  Qfi  Oft  OS  1ft  1ft  1ft  2ft  2,5  3,0  \0 

ft t*/m(JCi 


Fig.  61.  Monogram  for  determining  the  losses  cf  head  in  the  scooth 
tubes  in  depending  on  tfce  speed  cf  water  and  disaster  of  tubes. 


Kay:  (1).  watsr,  cm/m.  (2).  m/s. 
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For  the  air: 

X=*  0.0125  +  (205) 

where  d  -  an  inner  dia»etar  of  rune,  mu. 

For  the  water  vapor  with  He  from  0.5»1G6  to  7»10ft  and  for  liquid 
with  Re> 1 00000 

X  = 

where  r  -  an  inside  radius  of  tube,  on;  k=0.Q64-0.10  -  absolute 
roughness,  no. 


(».74+2lg-;) 


r\*' 


(206) 


For  the  gases  and  the  water  vapor  with  tubes  with  the  rough 
walls  and  Reynolds  number  Be<5000CG 

(207) 


i _  0,08186  n  _-o.ua 

k  Re 


where  d  -  an  inner  diameter  of  tube,  am. 


For  simplicity  of 


calculation  we  convert  formula 


0.08186. 
‘  >*.!»  * 


1,  — Re 


fi.ua 


(207)  : 


The  values  Xt  and  xa,  calculated  according  to  the  obtained 


formulas,  are  given  in  tables  22  and  23 


1 

FAG£ 


!S  X4. 


d 

>. 

D 

P 

fl 

>1 

d 

0.070 

0.1167 

|  0.1.15 

0.1068 

0.1015 

0, 23 

0,0970 

0.075 

0.1156 

0,106.1 

1  0.205 

0,1011 

0,29 

0.096.5 

0. 1 147 

0. 145 

0.1058 

0.1003 

0.30 

0.0961 

0,1136 

0,1054 

0,215 

o,ioa» 

0.31 

0.0957 

0,1128 

0.155 

0.1050 

0,220 

0. 1002 

0,32 

0,095.1 

0.095 

0, 1121 

0,1046 

0.225 

0,0999 

0.11 

0.0919 

0.1113 

0.165 

0.1041 

0.230 

0,0996 

0,34 

0.0945 

□E3 

0. 10.17 

0.235 

0.099.1 1 

0,15 

0.0911 

0.1098 

0,175 

0. 1013 

0,240 

0,0990 

0.36 

0.09  3* 

0,115 

0.1092 

0,180 

0. 1028 

0,245 

0.0987; 

0,37 

0.0934 

0.120 

0.185 

0. 1025 

0.250 

0,098.5: 

0.38 

0.0911 

0,125 

BBtSI 

0.190 

0,1022 

0,255 

0.0980j 

0,39 

0.0923 

0.130 

0. 1074 | 

0.196 

0,1018 

0,260 

0.097.51 

0.40 

0.092.5 

hcses: 

*=2 gk,  (208) 

cf  gravity  n/s*;  k  -  coefficient,  equ 

th  rutoer  hoses  ...  0.QC086. 


cses 


0.00C899 
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For  very  rough  rufccerxzed  hoses/pipes  0.C0163. 


For  the  usual  hemp  hoses/pipes  ...  C. 00213. 


For  the  best  leather  ncse/pipe  ...  C.0C317. 
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"Table  23.  Values  X2. 


Re  nr3 

*1 

Re  IQ"3 

** 

Re  10“a 

X,  Re  Iff-3 

x. 

RelO"3 

4 

3.413 

21. 

4,364 

38 

4,762 

55 

5.032 

90 

5,412 

5 

3.527 

22 

4,391 

39 

4,782 

56 

5,042 

too 

5.496 

.  6 

3,623 

23 

4,424 

40 

4,799 

57 

5.085 

110 

5,572 

7 

3,707 

24 

4,147 

41 

4.815 

58 

5,070 

120 

5,647 

8 

3,783 

25 

4,474 

42 

4,832 

59 

5,083 

130 

5,709 

9 

3,847 

26 

4,502 

43 

4,851 

60 

5,096 

140 

5,781 

10 

3,909 

27 

4,528 

44 

4,867 

61 

5, 107 

150 

5,833 

It 

3,964 

28 

4,550 

45 

4,883 

62 

5.120 

160 

5,894 

12 

4,014 

29 

4,573 

46 

4,899 

63 

5,131 

170 

5,944 

13 

4,063 

30 

4,596 

47 

4,918 

64 

5,143 

180 

5,996 

14 

4.110 

31 

4,621 

48 

4,932 

65 

5.156 

190 

6,044 

15 

4.150 

32 

4,642 

49 

4,945 

66 

5.168 

200 

6,091 

16 

4,189 

33 

4,663 

50 

4,963 

67 

5,179 

250 

6,296 

17 

4.227 

34 

4,684 

51 

4,975 

68 

5.192 

300 

6,464 

18 

4,266| 

35 

4.704 

52 

4.989 

69 

5,202 

400 

6,747 

19 

4,297 

36 

4.722 

53 

5.008 

70 

5.214 

500 

6,974 

20 

4.331 

.37 

4.742 

5* 

5,015 

80 

5.319 

600 

7.1*3 
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§  24.  coefficients  of  local  resistances. 


1.  Values  of  coefficients  c t  local  resistances  in  intertube 
space  of  apparatus  withett  partitiens/baf f las  with  course  of  m*adiu 
in  perpendicular  'direction  to  location  of  tubes  can  be  determined: 


1)  with  turbulent  and  visccus  motion  cf  gas 


1 
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or 


C3«(J,r; 


2)  with  turbulent  mcticn  cf  liquid 

'-v-ab 

3)  with  viscous  action  of  liquid 

t  e 


C— 106 


4k  «4tf 


(210) 

(211) 


Her®  n  -  number  of  series/rcws  cf  tubes,  arranged/located 
perpendicularly  to  the  flow  cf  the  medium; 


M  -  the  absolute  viscosity  cf  medium,  kg»s/a2; 


a=t-d  -  distance  (clearance)  between  the  series/rcws  of  tubes,  m 
(here  t  -  space  of  tubes,  m;  d  -  cutside  diameter  of  tubes,  m) ; 


v  -  the  maximum  speed  cf  tne  medium  through  the  minimum  cross 
section,  m/s; 

p  -  density  of  medium,  itc*s2/a*; 

Re  -  Reynolds  number  [in  the  formula  (188)  ]; 


f  -  coefficient  of  external  friction  (according  to  the  data  cf  Table 
24)  ; 
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%  -  length  of  the  beaa  cf  tubes  in  the  direction  of  flow,  m; 

<th  -  hydraulic  diaaeter,  a  ^according  to  the  fcraula  (173)  ]. 

2.  Values  of  coefficients  cf  local  resistances  for  local 
obstructions  of  heat  eichanyers  can  be  accepted  cn  Table  25. 


I 


I 

I 


I 
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'Table  24.  Values  of  the  coefficient  of  external  friction  f. 


Re 

~  7>> 

t  np* 
ouaaue- 

HHM 

.,02 
i=  const 

—rjy 
/  npn 
nrpcaa- 
aim 

Re 

/  $1 
oxjai*2C’ 
HKII 

TT 

f  npn 

/= const 

~rW 

Harpcpa- 

MHII 

2 

30.6 

11.3 

6.58  | 

1000 

0, 153 

0,141 

0. 136 

10 

5,85 

2. 47 

1.67 

5  000 

0,104 

0.111 

0,104 

50 

1.17 

0,565 

0,447 

10000 

0,098  . 

0.102 

0.095 

10O 

0,630 

0,315 

0,275 

15000 

0,093 

0,095 

0,087 

200 

0,364 

0,212 

0,193 

20000 

0,088 

0,090 

0,082 

500 

0,204 

0,156 

0,153 

Key:  (1).  during  the  ceding.  (*).  with.  (3).  during  heating. 
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The  recuuimended  in  Table  25  ccefficients  cf  local  resistances 
are  referred  to  the  speec  cf  medium  in  the  tutes  or  between  the 
tubes. 


3.  Values  of  coefficients  cf  local  resistances  for  different 
local  obstructions  of  Banfclds  can  be  determined  according  tc  tables 
26.  These  coefficients  are  giver  fer  the  speed  cf  medium  after  the 
local  obstruction. 
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Table  25.  Values  of  the  coefficients  of  local  resistances  £. 


O'*  HaMMenoaamie  xecTHoro  npenmcTBKa  a  annapaie 

O')  3HaieHHe 
Koa^HUHema 

^ixoinue  h  Bhixoitiiue  . . 

1.5 

^TloBopoT  Ha  180’  oHjrrpH  xauepu  npi»  nepexoae  »3  oanoro 

nymta  rpyOoK  a  .ipyroit . 

2.5 

^^noBOpor  na  IH0°  npw  nepexoae  H3  oahoiI  cckukh  a  apy- 
rvKi  qepea  Ko-neiio . 

2,0 

(Wfixo.T  a  MeiKTpyfSHoe  npocipaHCTBo  nepnewtaKyaapHo 
.TpvfiMM . 

1,5 

^flepexo.i  na  o.iiinii  cckuhh  a  jpyryio  noa  yr.io*  b  90° 
a  MewrpyfiiioM  npocipaHCTBe  . 

^^rioaopoT  ita  180’  oko.io  TOHKofl  ncperopoaKH  aiijrrpn  Meat* 
rp\6iioro  npocTpiiHCiaa . 

2,5 

1,5 

fryiooopoT  na  180°  n  V-oOpasiicm  rpyOne . 

0.5 

^'OOriifiaime  nepeiopoion,  noiaepwiiBaiopiiix  tpj  Skh  .  .  • 

0.5 

^it)Ruxo.i  in  MeiKTpyOHOro  iipocTpaHCTua  noa  yraox  90“ 

1.0 

Key:  (1).  Designation  cf  local  obstruction  ir  the  apparatus.  (2). 
value  of  coefficient.  (3).  Tnput  and  downstream  chambers.  (4). 
Rotation  on  180°  within  chamber/caaera  upon  transfer  cf  one  team  of 
tubes  in  another.  (5) .  Ectaticn  on  180°  upon  transfer  of  one  section 
to  another  through  elbcw.  (6).  intrance  intc  intertube  space  it  is 
perpendicular  to  tubes.  (7).  Transition  cf  cne  section  to  another  at 
angle  of  90°  in  intertute  space.  (S)  .  Rotation  cn  180°  about  thin 
Fartition/baf fie  within  intertute  space.  (9).  Rotation  on  180°  in 
V-shaped  tube.  (10).  Bending  or  partitions/taffies,  which  support 
tub-=s.  (11).  Output  from  intertute  space  at  angle  of  90°. 
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continuation  Table  26. 


t^ibMij>par»ia 
•  TpyOe 

F, 

Ft 

0.1 

0.2 

0.3 

0.4 

p.s 

0.6 

0.7 

0,8 

0,9 

1.0 

'■1  ^  h 

C 

226 

47.8 

17,5 

7.8 

3,75 

1,80 

_ 

0.80 

0.29 

0,06 

0,00 

XlHa((iparMa  npn 
axoac  b  rpyfly 

c*> 

a)  ciyvaA  .coaepuieHHoro*  c**thh  (Ft  >  20Fq) 

F. 

Ft 

0.1 

0,2 

0.3 

0.4 

0.5 

0,6 

0,7 

0.8 

0.9 

1.0 

r 

* 

232 

51,0 

19,8 

9,61 

5.26 

3,08 

1,88 

1.17 

0,73 

0,48 

(to) 

c- 

6)  c-iytail 

(  F,  ) 

.HecoBepiuesHoro*  chcithi  (F,  <  20 FJ 
(SHavemte  E  onpeaejieHO  hhjkc) 

hJt 

0.1 

0.2 

0,3 

0,4 

0.5 

0,6 

0,7 

0.8 

0.9 

1.0 

£ 

0,62 

0.63 

0,64 

0,66 

0,68 

0,71 

0,76 

0.81 

0.89 

Key:  (1)  .  Designation  and  draft.  (2)  .  Formulas  and  table  of  values  of 
coefficient.  (3)  .  Transient  divergent  cone.  (<J)  .  Transient  convergent 
cone.  (5).  Sudden  expansion.  (6).  Sudden  contraction.  (7).  Diaphragm 
in  duct.  (8).  case  of  "ideal'*  compression.  (9).  Diaphragm  upon 
entranca  into  duct.  (1C),  case  cf  "inadequate"  compression  (F,<20Fo) 
5=  (  ?2/EF0-1) z  (value  E  is  determined  below). 
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5  28.  Discharge  coefficients 
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During  the  discharge  toe  liquids  freon  the  epenings/apertures  of 
various  forms  take  the  place  ci  the  losses,  which  decrease  the  real 
fluid  flow  rate,  computed  fxca  roraula  (69),  and  the  real  discharge 
velocity,  determined  according  to  formula  (78) . 

These  losses  depend  on  the  compression  of  liquid  jet,  i.e.  by 
the  iecrease  of  sectior,  ana  ty  the  appearance  cf  friction  in  the 
epening/a pert ure  with  the  discharge  from  it  cf  real  liquid. 

Real  expenditure  and  speed  of  liquid  are  calculated  taking  intc 
account  the  losses  which  are  estimated  by  means  cf  the  introduction 
to  calculation  formulas  (7d)  and  (£9)  discharge  coefficients  in  the 
form  of  factors. 

By  the  discharge  coefficient  they  imply: 

1,  The  contraction  coefficient  *,  equal  to  tha  ratio  of  the 
sectional  area  of  jet  tc  the  area  cf  the  opening/aperture  frem  which 
escape/ensues  liquid. 

2.  Velocity  coefficient  t,  equal  to  ratio  of  real  discharge 
velocity  to  theoretical  taxing  into  account  friction  in 
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opening/aperture . 

3.  Coefficient  of  expenditure  p#  equal  tc  product  of  contraction 
coefficients  and  speed. 

4.  Drag  coefficient  £,  daterained  in  §  24. 
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Table  27.  Values  of  discharge  coefficients. 
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/«) 

1  Hjcmok  BenxypH 
noa  yr.ioK 

.8 

0® 

10® 

20® 

30® 

40® 

50® 

60® 

29' 

1* 

0,815 

B 

1 

■ 

0,731 

■ 

1 

r 

(/O') 

fa)  HaHiivMimift  yro*  KonycHOCTH 

13® 

8 

M. 

V 

« 

8 

0 

? 

• 

Komn^cckhr  nacaaoK 

0® 

0,829 

0,829 

—  | 

16° 

0,938 

0,969 

— 

a 

1? 

0.852 

0,852 

— 

20° 

0,922 

0,971 

— 

r 

* 

3® 

0,892 

0,892 

— 

25° 

0,908 

0,974 

— 

5° 

0.92 

0,92 

1.0  1 

30® 

0,896 

0,975 

— 

■ 

10° 

0.937 

0,949 

— 

35® 

0,883 

0,977 

— 

13® 

0.945 

0,961 

0,99 

45“ 

0,857 

0,883 

0.88 

*Tha  designations:  ».  -  coefficient  of  the  expenditure;  *  - 
velocity  coefficient;  ?  -  drag  coefficient;  1  -  contraction 
coefficient. 


Key:  (1).  Designation  and  draft.  (2).  Values  cf  coefficients.  (3). 
Opening/aperture  in  thin  wail.  (4) .  Venturi's  lcng  nozzle.  (5). 
Nozzle.  (6).  3orda  mouthpiece.  (7).  Nozzle  in  form  cf  compressed  jet 
(8).  Venturi's  nozzle  at  angle.  (8).  Best  ancle  of  taper.  (10). 
Conical  nozzle. 
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The  values  of  discharge  coefficients  fcr  the  various  forms  of 
openings/apertures  and  nczzle  are  given  m  Tafcle  27,  dependence 
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between  the  coefficients  5  and  d,  between 
and  s  -  in  the  foraulas: 

{»  =  *?;  7s]/" TTT’ 

where  Ft  -  an  area  of  contracted  section;  P* 
cpening/aperture. 


the  coefficients  m, 

(212) 

-  area  of 


>*s 

The  values  cf  coefficients  for  the  Srv^aft  op^are  close  to  the 


following:  5=0.06;  *=0.S7; 


e  =  C.  6  4;  p=0 . 6  2 
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Chapter  IV. 


EXAMPLES  OP  THE  CALCULATIONS  OP  BES1STANCES  IB  APPARATUSES. 


§  26.  Calculation  of  resistances  in  the  tube  part  of  the  apparatuses. 


Hydraulic  resistance  of  capacitor. 


Initial  data  for  the  calculation  (iron  the  thermal  design)  . 


Expenditure  of  coding  water  D=150  t/h. 


Spe^d  of  cooling  water  in  t as  tubes  with  v1=l.6  m/s. 


Mean  temperature  cf  coding  water  fcp  =24.2°C. 


The  specific  gravity/weight  or  cooling  water  y=1.025  t/m3. 


Number  of  courses  cf  water  in  tubes  z=2. 


Length  of  the  tubes  between  tne  tube  plates  1. 35  a. 
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The  thickness  of  the  tube  plate  is  s-0.02  a. 


Inner  diameter  of  tunas  d,  =0.014  m. 


Course  of  computation. 


1.  Inner  diameter  c£  inlats  and  yield  cf  water  is  taken  dt=0.15 


2.  Speed  of  cooling  water  in  branch  pipes 

■  V,  - .  -  T--  !----  *  2,3  Jen c. 


2825dfr  182S0, 15*1,025 


Key:  (1).  m/s. 


3.  Overall  length  cf  tubes 

f-/  +  2s -1,35  +  2-0,02=.  1,39  m. 

4.  Value  of  correction  factor  8  for  mean  temperature  and  speed 
cf  cooling  water  (on  grapn/ccrve  Fig.  56):  8=0.965. 
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5.  Hydraulic  resistance  cf  capacitor 
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A -z(o, 031^^0  +  1,4-^) 

=  2 ( 0.031^  -  -2S-  0,965  +  1,4  ^-)  + 

70 

*■1,41  J«  BOA.  CT. 


2.3* 

2-9,81  *“ 


Key:  (1)  .  water  column. 


Hydraulic  resistance  or  capacitor  according  to  the  formula  VTI: 

h~z(bLv\n  +Q,\&v\s)  — 

—  2(0,138- 1,39- l,6,l7,  +  0,135-1, 6I,S)=  1,48  *  woA.erc.olui**  , 
where  b=0.138  -  the  coefficient,  depending  cn  the  diameter  of  tubes 
4*.  and  mean  temperature  cf  ceding  water  f^,  determined  on  Table  13. 

Hydraulic  heater  resistance  of  feed  water. 

Initial  data  for  the  calculation  (from  the  thermal  design). 


Speed  of  water  in  tha  tufccs  with  vt=1.7  «/s. 


The  specific  gravity/weight  cf  water  7=0.974  t/m3. 


Number  of  courses  cf  water  in  tubes  z=6. 


Average/mean  length  of  tubes  in  the  course  cf  1=1.8  m. 
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The  thickness  of  tne  tube  jlate  is  s=0.5  m. 


Inner  diameter  of  tuoe  <*,=0.013  with  a. 


3eynolds  number  He=5odGC. 


Course  of  computation. 


1.  Overall  length  cf  tube  in  course 

L  —  /  +  2s  — 1,8  +  2-0,05  =  1,9. 

2.  Coefficient  of  fricticn  drag  for  water 

Q-.3?6*  ,  0,0205. 

/B5  /5§805 

3.  Losses  to  fricticn  in  straight/direct  section  of  tubes 

zL  vh  6-1.9  1,7* -974 

^‘  =  X*57Ti"=“°*0205*Mi3 - ?9lT ** 2600  **/*• 

Key:  (1)  .  kg/m*. 
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4. 


Local  losses 


during  rotation  on  180° 

„  «?T  ^  „  6-r.7J  974 

*P*'sa^~T. 2*”*0'5  2-2-U.8I  “* 


in  V-shaped 
215  k$/m\ 


tube 


where  5=0.5  -  drag  coefficient  during  rotation  in  v-shaped  tube 


(on 


Table  25). 


5.  Local  losses  to  rotation  in  chamtsrs/cameras  upon  transfer  cf 
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one  beam  of  tubes  in  another 


wher3  52=2.5 
Table  25) . 


drag 


t  «rfr 

A/>*  “  c,  -3- 1 g- 

coe t ficienr 


„  8  l.7*-974 

=  2'5_3 - 2W 

to  rotation 


=  717 

in  cham ters/cameras 


(cn 


6.  Local  losses  in  input  ana  downstream  chaabecs 

l,7J>974 

^«  =  C,2-~ =I,5-2.-iOT-  =  430 

where  52=1.5  -  drag  coefficient  in  input  and  downstream  chambers  (on 
-Table  25)  . 

7.  Hydraulic  heater  resistance  of  feed  water 

A  =  (Apy  +  Apt  +  Apt  +  A p4) .  10-3  « 

=•(2600  +  215  +  717  + 430)- 107*  =  3,962  m  . 

Hydraulic  hearer  rssistarca  or  fuel/propellant. 

Tnitial  data  for  the  calculation  (from  the  thermal  design). 

Brand  of  the  petroleum  residue:  sailor  -4120. 

Speed  of  petroleum  residue  in  the  tubes  with  retarders  v=0.83 

m/s . 


(lean  temperature  cf  petroleum  residue 


f«p  =55°C 
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Inner  diameter  cf  V-snapea  tube  <4=0.C13 


Aver age/mean  length  or  tunes  in  the  course 


Humber  of  courses  of  petroleum  residue  in 


The  thickness  of  the  tube  plate  is  s=0.025 


Course  of  computation. 


1.  Overall  length  cf  tube  m  course 

£-/+  2*-  1,03  +  2  0,035-1.1  *. 
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with  m. 


of  1=1.  03  m. 


tubes  z=6. 


B. 


2.  Losses  of  head  cn  1  lia.  m  in  tubes  with  retarders  and 

chambers/cameras  in  depending  cc  speed  v  and  mean  temperatures  of 

petroleum  residue  cf  /WSC  are  deterained  cn  graph/curve  Fig.  59: 

in  ' 

dp  =  0,21  KZ\CM*‘M. 

Key:  ( 1)  .  kg/cm2*m. 

3.  Hydraulic  heater  resistance  of  f ue 1/ prc pellant 

A  =  dpLz  =  0,2M,1.6  =  l,39 
Steam  resistance  of  stea*  ccclsz. 
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Initial  data  for  the  calculation  (from  t be  thermal  design) 


The  speed  is  steal  ia  cubes  v„  =49  m/s- 


Specific  gravity/weight  is  steaa  T«  =3.22  kg/m3. 


Number  of  courses  cf  steam  in  tubes  z=2. 


Average/mean  length  c z  tunes  in  the  course  of  ^=0.53 


Inner  diameter  cf  V-snaped  tune  dB  =0.C13nn- 


The  thickness  of  the  tube  plate  is  s=0.025  a. 


Number  of  Reynolds  Be=1Ca500. 


Course  of  computation. 
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3.  Loss  to  fricticr  id  straight/direct  section  of  tubes 

*Pi 

4.  Drag  coefficiert  to  rotation  of  steam  in  tubes  (on  Table  25) 

?  i  =0. 5. 


>  zL  vhn  _rtrtOCO  2-0.38  49®-3,22  ,  ,  , 

~X  d,  Ig  “°*0263  O.OU  '  2-9,81  =  923  • 


5.  Local  losses  during  rotation  of  steam  in  tubes 

197 

6.  Drag  coefficient  in  input  and  downstream  chambers  (on  Table 
25)  Ct»1.5. 
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7.  Local  losses  with  entrance  into  chambers/cameras  and  output 
cf  then 


1.5  — j7§r^j—  =  1180 


8.  Steam  resistance  or  steam  cooler 


&p  =  (Ap,  -f  Ap,  +  Ap,)  10-4  =» 

-  (923  4- 197  4- 1 180)  10"4 — 0,23  k$/ cm  «- 


§  27.  Calculation  of  resistances  in  the  intertube  space  of 
apparatuses. 
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Steam  resistance  of  capacitor. 

Initial  data  for  the  calculation  (from  the  thermal  design). 

Quantity  of  that  condensing  steam  Gt-=27QC  kg/h. 

Quantity  of  condensate,  nhich  enters  the  capacitor,  G2=1640 

kg/h. 

Enthalpy  cf  condensate  q2=  133.4  kcal/kg. 

Condensation  temperature  of  steam  t,  *53.  6°C. 

Inner  diameter  cf  the  housing  of  capacitor  £^=0.592  m. 

Outside  diameter  cf  tuies  dm  -=0,016  m. 

Space  of  the  locaticn  cf  the  tubes  with  t=0.Q26  m. 

Distance  between  the  tune  plates  1= 1. 35  b. 

Solidity/loading  factor  cf  tuce  plate  ■»iTp=C.73. 


DOC  =  80040207 


PAGE 


He  datermine  (on  Table  1-3  or  appiicat icns/appendices)  . 


Heat  of  vaporization  when  t„  equal  to  r=566.9  kcal/kg 


Specific  volume  of  steam  wnen  tv  equal  tc  t>x=10.2 


Course  of  computation. 


1.  Quantity  of  that  is  fcxmed  from  condensate. 


o.  -  Aflta.  _  -'.™<'%4-s..l_23o 


Key:  (1).  kg/h. 


2.  Total  quantity  cf  steam  in  capacitor 

G  —  G,  +  O,  =  2700  +  230—2930  K$/k. 

3.  Speed  of  condensable  steam  in  capacitor 

_ _ 9?* _ 


36000./  (l - J-V^) 

2930- 10,2 


3000.0,592.1,35(1 --5^. /0^) 


22  m/s 
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aVkg. 


4.  Coefficient  cf  steam  resistance  for  ncnregenerative 
capacitors  with  laying  cut  cf  rubes  in  triangle  according  to  given 
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formula  (201)  m=0.04. 


5.  Steam  resistance  or  capacitor 

*pwm*~15r  ==0’04  T5X.—  1.9  **  pr-  ct. 


Key:  (1)  .  Hg« 


Hydraulic  resistance  of  steam  cccler. 


Initial  data  for  the  calcuidta.cn  (from  the  thermal  design)  . 


Speed  of  water  in  steam  cccler  vn  =  C.79  a/s. 


Inner  diameter  cf  housing  Dg - 0.28  a. 


Area  for  the  passage  of  water  in  the  intertube  space  f=0. 01875 


a. 


Number  of  tubes  in  course  n-53. 


outside  diameter  cf  tunes  <4=17  m . 


Average/mean  length  or  tha  team  of  semi-V-shaped  tubes  with 
1=0.53  a. 


u 


DOC  *  30040207 


PAG*  'gtfT 


Number  of  courses  cf  water  in  housing  z=2. 


The  specific  gravit y/wei ght  of  water  7,  =937.3  kg/a3. 


Dynamic  viscosity  cf  water  jj=,t2.2«1C  6  kg«s/a2. 


Course  of  computation. 


1.  Equivalent  hydraulic  diameter  of  one  course  (half  intertube 


space) 


d. 


4 / 


*  (0  ,SDt  +  dji)  +  Da 


4-0.01875  . 

3. 14  (0,5-0.28  +  0,017-53)  +  0.28  “  U,LKUa 


2.  Reynolds  number  for  water 

D _ 0,79-0.0200-937.3  _ 

R' - « - a.2.io-<-9.8, — 71 °» 

3.  Coefficient  cf  fxicticn  drag  for  water 


0,01935. 

Y Re  yTTSoO 


space 


4.  Losses  to  fricticn  in  straight/direct  sections  of  intertube 

A-  1  nn.oo*  *•*.»  0.79*937,3 

Pl  2 g  “0,01935  0  Q209  jTOl  =29>^  *3 /***• 


Page  139. 


5.  Drag  coefficient  during  rotation  on  160°  in  intertube  space 
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(on  Table  25)  £t  =  1.5. 

6.  Local  losses  during  rotation  of  flow  cn  180° 

An  — r  jfr-  t  e  0.79»-937,3 

^Pt  2*  *='>5  2  9,81  —44.7  • 

7.  Drag  coefficient  upcn  entrance  into  intertafce  space  (on 
Table  25)  £2  =  1.5. 

8.  Drag  coefficient  cn  leaving  from  intertufce  space  (on  Table 
25)  5,  =  1.0. 

9.  Local  entry  loss  into  inteitube  space  and  output  from  it 

^.  =  (C,  +  C,)-^--(l,5+1.0)^^-  =  74,5  k9/~l. 

10.  Hydraulic  resistance  ox  steaa  cooler 

A-(A/,l  +  A/r,  +  Ap,)l<r3  = 

—  (29,3  +  44,7  +  74.5)  10"3 ss0,15  m  wa-ter  column  . 

Hydraulic  resistance  of  cil  cccler. 


Initial  data  for  the  calculation  (from  the  thermal  design) . 


Productivity  of  oil  coder  0=16  t/h . 


The  length  of  the  edge  (chord)  of  partition/ba f fla  is  s=0.366 


Space  of  the  location  of  the  tubes  with  t=13.5  mm 


1 
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Outside  diameter  c f  tunes  du~  10  with  in. 

Distance  between  the  uousxng  and  wing  tutes  with  y0=15.3  on. 

Number  of  serias/rcws  cf  tcfces,  intersected  by  flow,  n=18. 

Number  of  gaps/intervals  between  partiticns/baf f les  n-12. 

Distance  between  the  partiticns/baf f les  h=0.09¥-n. 

The  average  speed  cf  oil  between  the  partitions/baffles  v,  =  0.307 

tn/s. 

The  average  speed  cf  oil  above  the  part iticns/taff les  v2=0.307 

m/s. 

Kinematic  viscosity  of  cil  cf  brand  T  at  mean  temperature 
v=  57 • 1 0-*  o*/s. 

The  specific  gravity/weight  of  oil  at  mean  temperature  7*879 


kg/m3 
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Area  of  section  for  the  passage  of  oil  above  partitions/baffles 
f 2  =  0. 0164  a*. 

Course  of  computation. 


1.  Size/dimensicn  cf  clear  opening  for  passage  of  oil  at  edge  cf 
partition/baffle 


•  —  *»>  — dn 


-o .aw-S^-WM-o.Q'  00, 


-0,116  a. 
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2.  Sectional  area  for  passage  of  oil  at  edge  of  partiticn/baf f le 

0,1 16-0,094  =  0,0109  **. 

3.  Speed  of  oil  at  edge  of  partition/baffle 

O  IS  ^  A& 1  / m 

Vmm-X*j5frt==’  3600  0,0109  0,879  :“u>462  "*/ s ‘ 

4.  Function  of  Reynolds  nuater 

/-  0,75 ]-0J  - 0,75 °-0,)  P  -0.384. 

5.  Losses  of  head  of  oil  re  passages  between  partitions/baffles 

4 fmv^n  4  0,384-l8  0.462*  879l2 


±Pi 


'3200 


lg  2-9.81 

6.  Losses  of  head  cf  oil  during  flow  through  partitions/baffles 

bpt  =  0,0815v*7  (n  -  1 )  —  0,081 5 •  0,307* .  879  ( 12  -  1 )  —  74  Nj  /«i  *  . 

7.  Losses  of  head  cf  oil  with  entrance  into  intertube  space  and 


vh 


0,307*- 879 


±P,  -  Cl  +  (1.5  +  1.0)  ■  2.9  8l 


=  10,6  •V'"* 


output  frca  it 
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Ct=l.5  -  drag  coefficient  upcn  entrance  intc  intertufce  space  (on 
table  25);  S2=1.0  -  drag  coerficiant  on  leaving  free  intertufce  space 
(on  "Table  25) . 

8.  Resistance  in  intertune  sp ace  (oil  cavity)  cf  oil  coder 

V  =  (A/>,  +Ap1  +  dp,)10~4= 

•=  (3200  +  74  -f  10,6)  10~4  =  0,33  kj/c  *.» . 

Aerodynamic  drag  of  air  cccler. 

Initial  data  for  the  calculation  (from  the  thermal  design). 

Outside  diameter  cf  tunes  dn  =16  mm* 

Space  of  tubes  in  the  secies/row  (in  the  width  of  beam)  tj=22 
mm . 


Space  of  tubes  in  the  depth  or  beam  t2  =  20  mm. 


Number  of  series/revs  cf  tubes  in  beam  2=16. 


Average/aean  air  speed  in  the  coclant  v=14.6  a/s 
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Temperature  of  air  upon  entrance  t1=27°C. 


Temperature  of  air  cn  leaving  t2=18°C. 


Mean  temperature  in  cedant  ffp=22.5°C. 


The  specific  gravity/waignt  ci  air  7=1.  155  kg/m3. 


Reynolds  number  He=  14700. 
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Course  of  computation. 


1.  Diameter  pitch  of  tubes  of  checkered  bundle 


2.  Value 


Y {$)'+%  =  j/"( ^7+20*^  =  22,9  mm. 


1  -djt  1  —  16/22,9  Qg  Q53 
txldm—  I  22/16—1  =s°.8>°.53- 


3.  Resistance  in  checkered  bundle  of  ducts,  washed  by  cross  flew 
cf  air,  when  t  >0. 5 3 

tyx  -  3,86  (z  +  1)  V*  Re-0'”-^-  = 

=■*  3,86(16  +  1)  yoji  •  14700~°a-  -  66,5  mm  w/aier  C9lnw«. 
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4.  Resistance,  which  considers  correction  for  change  in  velocity 

head  in  connection  with  charge  ar  temperature, 

t>T  -  2(27—  18)  14, y- 1.15-i  ?  .  , 

p*  273  +  /q,  2 g  273+22,5  2  9.81  —  V,lt>  MM  vJftxer  c  jw. 

5.  Aerodynamic  drag  or  air  cooler 

\p=abpt  -f  Spt  =  66,5+  0,765=67,3  mm  coin**'*'- 
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CH  APT  EB  V. 

.  Materials  and  their  desicn  characteristics. 

At  present  in  the  practice  cr  the  manufacture  cf  different 
apparatuses  and  vessels  tne  widest  acceptance  obtained  welding  as  the 
.  most  rational  and  cheap  prcducticn  method,  which  ensures  good  quality 

cf  production  and  safe  cperaticc. 

Therefore  all  given  below  data  will  relate  in  essence  tc  the 
materials,  used  for  the  welded  apparatuses  and  the  vessels.  The  types 
r'  of  welded  joints  in  the  ship-building  are  applied  according  to  the 

'  !  appropriate  standards. 

*  1 

§  28.  Steel. 

The  materials,  used  for  the  apparatuses  and  the  vessels,  which 
work  under  tha  pressure,  must  contain  (according  to 

controlling-chemical  analysis  for  any  steel)  not  more  than  0.3o/c  C  - 
during  the  usa/applicaticn  cf  an  electric  welding  and  net  more  than 


'  1 
\\ 
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0. 35o/o  C  -  during  the  use/afpl ication  of  ether  means  of  welding,  or 
to  satisfy  the  reguiremerts  cf  the  corresponding  standards. 

For  manufacturing  the  shiptcard  heat  exchangers  steel  is  applied 
mainly  in  the  form  of  relied  stock,  castings  and  forgings. 

The  parts  of  apparatuses  and  vessels,  working  medium  of  which 
are  vapors,  condensate,  cil,  fetrcleum  and  air,  are  fulfilled  made  of 
carbon  steel,  if  they  dc  net  undergo  the  straight/direct  effect  cf 
sea  water.  For  the  welded  steel  housings,  the  bottoms,  the 
covers/caps  and  ether  Farts,  which  work  under  pressure,  is  applied 
sheet  steel  of  brand  St.  3,  while  ror  the  parts  cf  less 
critical/heavy-duty  cnes  -  steel  St.  2.  The  steel  cast  covers/caps, 
flanges  and  other  parts  are  cast  made  of  steel  on  GCST  977-53.  For 
the  steel  tube  plates,  the  flanges  and  other  Farts  in  the  majority  cf 
the  cases  is  applied  steel  St.  4  acd  less  frequently  St.  5.  Steel 
tubes  are  fulfilled  by  seamless  ones  or  seamless-rolled  of  carbon 
steel  on  GOST  301-50. 

Page  153. 

The  pacts  of  apparatuses,  whrch  require  the  increased  strength 
cr  the  necessary  and  sufficient  corrosive  resistance,  and  which  alsc 
undergo  the  action  of  Men  temperatures,  are  aade  made  of  the  nickel. 
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chrome- nickel  and  other  alloy  and  low-alloy  steel. 

The  fundamental  characteristics  cf  different  steels,  used  for 
manufacturing  the  basic  farts  or  heat  exchangers  and  vessels,  are 
given  in  Table  29-37  ard  cn  Figs.  c2-67. 
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Table  29.  Mechanical  properties  of  shaped  castings  from  carbon 
steel  (according  to  GOST  i77-53)* 


Mapua 

C73JI* 


CP  W) 

ripeaeji  ripeae.i  Othochtcju,ho€  nonepennoe 

npoMHOCTu  TCKyiecTH  ya,iKHeHne  OKaTHe 

«*.  KifMM*  1t,  Kl/MM *  Ij.  °/o  'll.  °/o 

{£>)  He  ueHee  _ 


Key:  (1)  .  Trademark  of  steel,  (ai).  Limit  of  strength  kgf/mm2.  (3). 
Yield  point  kgf/mm2,  (4).  Elongation  per  unit  length.  (5).  Lateral 
contraction.  (6)  not  less. 

Table  30.  Mechanical  properties  of  steel  casting  at  elevated 
temperatures. 

|  lj  TeMnepaTypa,  °C  20  100  200  300  400  500 

- f_? - 

ripcaea  npoiHOCTH  a#.  kz  [cm*  4165  4567  5253  5052  4043  2365 

ripe  sea  TeuyiecTH  a„  kz/cm*  2375  2156  2186  1911  1384  — 

yjUHneHHe  8.  •/,  28  16  18  25  36  64 

rionepeiHoe  c*atHe  'f'.  %  57  46  41  48  63  81 

Key:  (1).  Temperature,  °C.  (2).  Limit  of  strength  kg/cm2.  (3). 
Yield  point  kg/cm2.  (4).  Elongation  5,  o/c.  (5).  Lateral 
contraction. 
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33.  C* 
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Table  30  gives  the  secaanicai  properties  cf  steel  casting  (with 
content  of  C  -  18c/o;  Pn  -  0.36c/c;  Si  -  0.26c/c;  S*F+Tu  -  0.29o/o 
with  the  duration  of  testing  40  Bin.)  at  elevated  temperatures. 

The  physicomechanical  properties  of  the  netals,  used  in  the 
apparatus  construction,  are  civer  in  tables  36. 

Is  most  negatively  strength  ard  safety  cf  the  eerie  of 
apparatuses  affect  high  temperature  and  corrcsicn  -  phenomena,  which 
are  most  frequently  encountered  during  the  operation. 
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Tables  31.  flechanical  Etcperties  ci  forgings  sade  of  carbon  steel  (on 
GOST  2335-50) . 


(0 

KjUCC 

nOKOSKH 

(V 

UnaMerp 

flOKOBKIf, 

MM 

t*J 

MapKa 

CT34H 

_'"R7~ ' 
Ilpeieji 
npOMHOCTH 
3^  Kt/MJi* 

„  \Si 
np«jK* 
reny’iec™ 

3„  Ki/MJt1 

_  lb) 

TsepiocTb 
no  BpHHCJjiio 

"a 

|  ( 7J  m  nei»ee 

irjm  Aojwt 

100 

35 

— 

i 

100 — 300 

15 

34 

WBm 

143 

300—500 

33 

■9 

100 

40 

22 

ii 

100—300 

20 

20 

156 

300-500 

19 

500-750 

36 

18 

in 

100 

25 

43 

24 

170 

100-300 

40 

22 

• 

100 

48 

25 

IV 

100-300 

30 

47 

24 

179 

300-500 

46 

23 

500-750 

45 

22 

100 

52 

27 

v 

100-300 

35 

50 

26 

187 

300-5  » 

48 

24 

500-750 

46 

23 

Key:  (1)  .  Class  of  fcrgmg.  U)  .  Diameter  of  forging,  mo.  (3). 
Trademark  of  steel.  (4).  Limit  cf  strength  kgf/mm*.  (5).  yield 
point  kgf/mm*.  (6).  Hardness  according  tc  Erinell.  (7)  not  less. 


(8)  net  more 
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Tables  32.  Mechanical  properties  of  steel  tubes  (according 
to  GOST  301-50) . 


\0 

Mapxa 

craji* 

_  \P  ~ 

npejie* 
npOlHOCTH 
KZjMM 1 

OtHOCMTe-ibHoe  ywHHeHHe,  %  | 

h 

*10 

( *4)  ne  Menee  j 

10 

32 

24 

20 

20 

40 

20 

17 

35 

52 

IT 

14 

45 

60 

14 

12 

(Ct.  2 

34 

24 

20 

(4cr.  4 

42 

20 

17 

f  Ct.  5 

50 

17 

14 

Vcr.a 

60 

14 

12 

Kay:  (1).  Trademark  cf  steel.  (2).  Liait  of  strength  kgf/int2.  (3) 
Elongation  par  unit  length,  o/o.  (4)  not  less.  (5) .  St. 


Table  33.  Mechanical  properties  or  carbon  hct-rclled  steel  of  the 
usual  quality  of  group  A  (cn  GCS1  380-50). 


K0 

Mapica 

CT  a*if 

- m - 

ripe  ac  a 

TipOMHOCTH 
«*.  Hi/ MM* 

- n'iJ - 

npcac/i 

TdCjTHCCTH 

KZlMM* 

-  W 

OTHOCHTC.lbUOC 

yjUHHCHMC,  ®/e 

iM 

/Cr.  0 

32-47 

19 

22 

/  Ct.  1 

32-40 

— 

33 

LKCl-  2 

34—42 

22 

27-31 

/Ct.  3 

38—47 

24 

25-26 

/  Ct.  4 

42-52 

26 

21-24 

17—20 

Ct.5 

50-62 

28 

15-20 

13-16 

\Ct.  6 

60-72 

31 

13—14 

11—12 
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Key:  (1).  Trademark  cf  steel,  (i).  Limit  of  strength  kgf/i»2.  (3). 
Yield  point  kgf/mm2.  (4).  Elongation  per  unit  length,  o/o.  (5)  net 
less.  (6)  .  St. 
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Tabla  34,  Mechanical  ptcfaities  of  carbon  structural  steel  (cn  GOST 
1050-52)  . 


V) 

MapKa 

CTa.iH 

(>)  ripcaca 
npOMIIOCTH 
a#.  KZIMM* 

/31  llpcjiea 

V  ^TCKyjeCTH 
a„  kzImm1 

OruocHTVJibHoe 

jy^yjUiMHemie 

{SJ 

He  MeHee 

10 

34 

21 

31 

15 

.17 

22 

27 

20 

II 

25 

25 

25 

44 

28 

23 

f0 

18 

29 

21 

52 

31 

20 

Key:  (1),  Trademark  of  steel,  (2).  Limit  of  strength  kgf/nm2.  (3). 
Yield  point  kgf/am2.  (4).  Elongation  Fer  unit  length.  (5)  net 
less. 


Table  35.  Mechanical  properties  or  steels  at  different  temperatures. 


2.  . 
m 

Om  «S 

V 

c  a 

J  £<J 

h  so 

{yj  Ct.  3 

(S3Ct.  4 

<©  Ct.  5 

CD  Ct.  6 

S  "* 

1  y  V 

Is-.: 

^•5  4 

si-* 

£L|* 

Jr  cl.  0 
C  B  O 

<®=- 
H  5 

3  >»* 

Q.*  . 

JT  v  *» 
C  H  B 

®rk 

3if 

8.3.4 
=  =  " 

ir¬ 

es*" 

*  Si 

1  ^ 

II- 

^54 

s»i 

S£.$ 
|S  A 

C  H  9 

20 

35-45 

19-25 

15 

26 

55 

30 

65 

36 

200 

.15 

18 

43 

21 

55 

'23 

— 

— 

300 

•12 

IS 

42 

17 

52 

19 

65 

25 

350 

28 

1.1 

.18 

15 

48 

17 

55 

21 

100 

21 

11 

36 

13 

12 

IS 

46 

17 

450 

20 

.12 

II 

36 

13 

39 

15 

500 

18 

7 

20 

9 

28 

II 

33 

12 

Key:  (1).  Temperature  cf  testing,  °C.  (2).  St.  (3).  Limit  of  strength 
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(4)  .  Yield  point  kgf/am*. 


Table  36.  Mechanical  properties  c r  carbon  structural  steel  at 


elevated  temperatures. 


</; 

•V 

o.  r 

n  *5 

^  z 

f  ripcicji 
npo'iimcTH 

o,  upii  20°  C, 

Ki/MM* 

__  (V  ,  , 

npCAC.!  TCKV MCCTM  Kt'MM1, 

iipit  TcuncpaTypax 

20 

,00 

250 

.100 

350 

400 

450 

500 

10 

32 

18 

16 

14.5 

13,5 

11.5 

10 

8 

6 

15 

:« 

20 

17.5 

16 

14.5 

12.5 

II 

9 

7 

JO 

40 

22 

to 

17.5 

15.5 

13.5 

12 

to 

8 

25 

13 

24 

20.5 

18.5 

16.5 

1 1.5 

13 

II 

9 

30 

18 

26 

22 

20 

17,5 

15,5 

13.5 

11.5 

9.5 

35 

52 

28 

24 

21.5 

19 

17 

14,5 

12,5 

10.5 

Key:  (1).  Trademark  of  steel.  (2).  Limit  of  strength  with  20°C, 
kgf/mmz.  (3).  Yield  point  *g£/»az,  at  temperatures. 
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Temperature  effect  cn  the  strength  is  considered,  beginning  with 
230°C,  with  a  reduct  ion/ desc eat  in  the  allowatle  stress  for  steel. 


Allowable  stresses  tor  steel  cf  brand  St.  3  in  the  dependence  cn 
the  temperature  are  given  in  Fig.  t 2. 


For  steel  St.  2  stresses  aust  be  respectively  lcwered/reduced . 

For  steel  St.  4  stresses  at  temperature  icrs  than  300°C  cannot  be 

increased  in  comparison  witn  the  stresses/voltages  for  steal  St.  3 
Pig.  62. 


i 
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Table  37.  Mechanical  properties  c f  soie  alloy  steels. 


MapKa 

CTajfM 

fljxnej 

npOMUOCTH 

3t,  KZ'MM* 

npe.iea 

teKywecTH 

Kef  MM2 

f  +) 

OTHOClITUbHOe 
yjWHHeHHe 
»,  % 

IXI8H9T 

30-60 

20 

40 

04  IT) 

30XMA 

80— ‘JO 

60 

14 

CXJl-4 

54 

40 

18 

35X 

95 

75 

10 

Key:  (1).  Trademark  cf  steel,  (z).  Limit  of  strength  kgf/am2.  (3) 
Yield  point  kgf/mm2.  (4).  Elongation  per  unit  length. 


Tables  38.  Physicomechanical  properties  cf  metals. 


iO 

M«T£pHaJ> 

g  & 

« 

a  _ 

X  * 

*  ■“ 

►  g  «  S' 

1-1  r°S> 
-e- «  Si. 2 
r  s  £■ — T 

*S§2o 

So  1» 

iS  5 

•§•2*2 
:  c  u  ? 

g  2  3 

&  a  ««j 
>>T 

a  2 
«:  » 

>>  s  i 

S  s  2 

1  0-7 

Ni 

w  * 

3  <b* 
S'? 
|e 

(V 

UHCHT 

riyaccoHa 

Crajib  yr.ie- 

7.85 

1.25 

45 

2.0-2. 2 

8. 0-8. 5 

0.3 

f^pOBHCTa* 

ClMb  HHKe- 

7.85 

1.2 

15-22 

2.09 

8, 1-8.4 

0.3 

.tea*  si 

Myryii  (to/ 

7,0 — 7.4 

».l 

54 

1,0-1, 2 

2,9-5, 5 

0,27-0.15 

Meak  ('  O 

8.9 

1.73 

320-331 

1,1— 1,3 

4. 1-4.9 

0.32-0.35 

JlaryHb  (■/  »-7 

8.6 

1.9 

71—90 

0.65-1.0 

3. 1-4.1 

0,33 

Epoma  UiJ 

8.8 

1.8 

51 

0,9-1, 2 

3.8 

0,34 

Hhkca*  0*f) 

<  tf) 

8.9 

1.3 

50 

2,05 

— 

0.33 

AanaHHufl 

-.7 

2.4 

175 

0.68-0.72 

2,5 — 3,5 

0.363 

Uhiik  pf>J 

7. 15 

1.65 

95 

0.9-1, 2 

3.7-4.! 

0.205 

Oaoao  in) 
McabXHOp^lj 

7.3 

-.2 

96 

0,4 

1.6 

8.9 

1.6 

25 

0,85 

- 

Key:  (1).  Material.  (2).  Specific  gravity/weight  y,  g/cm*.  (3). 
Coefficient  of  linear  expansion  10*  a  on  1°C  between  0-100°C.  (4). 


DOC  *  30040208  CAGE  33* 

Coefficient  of  thermal  conductivity  X#  kcal/a*h°C.  (5). 
Modulus/module  of  elasticity  10“6  E,  kg/cn2.  (6).  Modulus  of  shear 
10”s  G,  kg/cB2.  (7).  Poisson  ratio.  (8).  Steel  carbonic.  (9).  steel 
nickal.  (10).  Cast  iron.  (11).  Copper.  (12).  Erass.  (13).  Bronze. 
(14).  Nickel.  (15).  Aluninua.  (16).  Zinc.  (17).  Tin.  (18).  German 
silver. 


i _ 
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Key:  (1)  kgf/mm2.  (2).  Seamless  forged  drums  and  forging-car ten.  with 
2.5o/o  Ni.  (3).  boiler  flare  carton,  with  2.5c/o  Ni.  (4).  Tubes 
jointless,  a)  medium  carton,  c)  lew  carbcn.  Soft  toiler  plate.  (5). 
Molybdenum,  steel  (C-M0)  sheet,  tunes,  fergings.  (6).  Tubes  and 
sheet.  (7).  Sheet.  (8).  Tubes  ngf/mm2. 
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It  is  necessary  tc  Jeep  in  mind  that  the  allowable  stresses 
(Fig.  62)  include  the  tetai  stresses/voltages  which  can  arise  from 
all  leads,  which  effect  cn  the  apparatus,  namely:  a)  the  internal 
pressure;  b)  impact  loads,  involving  a  sudden  change  in  the  pressure; 
c)  the  weight  of  apparatus  ana  containing  in  it  working  media  under 
operating  condition;  d)  the  lead,  caused  by  the  tossing;  e)  the  local 
stresses,  called  by  the  pic*  ups  and  the  rings;  f)  a  difference  in 
the  temperatures. 

Usually  in  the  calculations  when  selecting  of  the 
relationships/ratios  of  allowable  stresses  it  is  customary  tc  assume 

th  a  t  Rx  —  Rd=,  Rti 

Re.=  l,8Rx; 

Rep  “  0,8  Rx, 

where  Rt—  permissible  tensile  stress;  Rd—  permissible  compression 

* 

stress;  Rb—  allowable  stress  cr  tne  bend;  Rep—  permissible  shear 
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stress;  >?o.—  permissible  crumpling  stress. 

The  graph  of  the  permissible  operating  stresses/ voltages  for 
different  carbon  and  alley  steels  at  temperatures  mere  than  350°C  is 
given  on  Fig.  63. 

The  graphs  cf  a  charge  in  tne  impact  toughness  and  limit  of  the 
strength  of  different  steels  in  the  dependence  cn  the  temperature  are 
given  on  Fig.  64  and  6f. 
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Fig.  64.  Changes  of  the  inpact  toughness  of  steels  in  the  dependence 
cn  the  temperature. 


Key:  (1).  Impact  toughness,  kg/ca2. 

Fig.  65.  Change  cf  limit  cf  strength  of  steels  in  dependence  cn 
temperature. 

Key:  (1)  kgf/mm2 . 
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With  the  work  of  apparatuses  cr  their  parts  cn  compression 


either  buckling  is  considered  also  the  effect  cf  elevated 
temperatures  on  the  stability  ot  the  walls  cf  apparatus  or  part 
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itself  by  the  method  of  itducing/aescend ing  computed  value  of  the 
yield  point  and  modulus  cf  elasticity  of  material. 

The  graph  of  a  change  of  the  yield  point  in  the  dependence  on 
the  temperature  for  the  common  carbon  steel  is  shewn  in  Fig.  66. 

The  graph  of  a  change  of  the  modulus  of  elasticity  in  the 
dependence  or.  the  temperature  for  the  common  carbcn  steal  is  given  in 
Fig.  67. 


Taking  into  acccurt  the  effect  of  ccrrcsicn  on  the  strength  cf 
apparatus,  usually  increase  thickness  walls  by  value  C,  taken  within 
the  limits  from  1  to  3  mo. 

§  23.  Nonfarrous  metals  and  alleys. 

For  manufacturing  different  parts  of  apparatuses  and  vessels  are 
used  extensively  nonferreus  metals  and  their  alleys:  copper,  tin, 
aluminum,  zinc,  bronze,  trass,  etc. 

"1-he  parts,  working  medium  cf  which  it  is  sea  water,  and  also 
parts,  which  undergo  the  effect  cf  sea  water  and  air,  which  contains 
moisture,  are  manufactured  fica  tne  red  copper,  the  bronze,  brasses. 


etc.  For  the  welded  cr  soldered  parts  is  applied  copper  sheet  H3  and 
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>14 ,  rolled  brasses  and  crcnze  LCo2,  LS59-1,  i€2,  L90,  BrAHts9-2, 
etc.;  for  the  castings  -  copper,  nronz®  and  trasses  of  the 
predominantly  following  trands/aarxs :  BrCTslG-2,  BrOTs8-4,  ErAHts9-2, 
etc. 

Tubes  from  the  nonferxccs  metal  are  applied  only  pulled  cr 
seamless-rolled  cn  GOST  494-52  and  617-53,  and  copper-nickel  -  on 
GOST  2203-43. 


The  basic  mechanical  properties  of  nonferrcus  metals  and  their 
alloys  with  normal  and  at  different  temperatures  are  given 
respectively  in  Tables  3S  and  4C. 
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Key:  (1)  kg/cm2. 


Fig.  67.  Change  in  modulus  o 1  elasticity  of  common  carbon  steel  in 
dependence  on  temperature. 


Key:  (1)  kg/cm2. 
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Tables  39.  Mechanical  properties  cr  nonferrous  metals  and  alloys. 


HaiiueHOBamie 
it  MapKa  Meia-iaa 
nan  cnaaaa 

*)  ripeaea 

npOMHOCTU 

Ki/.UM1 

{3)  flpeae.i  (4j)  OTaocarejib- 1 
renyMecTii  i  «oe  yjUHHe-; 
is,  hmc  t,  ; 

ta/.u.u *  1  °/o 

iff) 

HaiiMeaoBaHiie 
ii  MapKa  MeTa.i.ia 
hah  cn.iaaa 

<S>  ripenea 

npOlHOCTM 

3»’  . 
KZ/MM2 

ripeaeA  (1 
reKyoecni 

3I* 

KtlMM* 

^DniocHTeAb- 
Hoe  yaAime- 
sue  8. 

4/o 

(S') 

Meat 

24  («) 
40-50  (T) 

17  (a) 

7.0  (m) 

38  (r) 

50  (m)  '1 

6  M  !  T5KT“ 

8  (a)  ;j 

i 

19  (A) 

26  (m) 

34  (n/r) 

7  (A) 

13  (u) 

30  (n/T) 

16  (A) 

44  (m) 

20  (n/r) 

^  HnKe.ii. 

80-90 
45-52  (ot) 

70 

14—21  (or) 

42-52  (.i)  | 
35-40  (m) 

(f) 

.ItTVIlb 

7168 

28  (a) 

33  (m) 

52  (t) 

10  (*) 

48  (a) 

56  (m) 

12  (T) 

f  9) 

A.llOMHHIlft 

8- 1 1  (M) 

15-25  (t) 

9- 12  (a) 

5-8  <m) 
12-24  (t) 

32-40  (m) 
4-8  (T) 
11-25  (a) 

32,8  (a) 

36  (m) 

68  (r) 

12(a) 

It  («) 

48  (t) 

35.5  (a) 

49  (*) 

[/O) 

Cbhhcu 

m 

68 

;iii^ 

.IKhO— 3 

30-50 

16 

15-16 

{>0  I 

O.ioao  1  2,5 — 4 

1 

— 

45-60 

! 

TIbtviii. 
71Mu58— 2 

36  (a) 

44  (mi 

j  55-65  (t) 

24  (a) 

;«>  (m) 

!  5-10  (t) 

I  _ 

15.6  (a) 

(  /-vl 

UllllK 

2-7  (.i) 
10-12  (o) 

7,5  (.i) 

40-50  (<» 

Key:  (1).  Designation  and  irand/mark  cf 
strength  kgf/mm2.  (3).  yield  point 
unit  length  6,  o/o.  (5) .  Designation  and 
alley.  (6).  Pinchbeck.  (7).  Nickel.  (8). 
lead.  (11).  Tin.  (12).  Zinc. 


iretal  cr  alloy.  (2).  limit  cf 
kgf/im2.  (4).  Elongation  per 
brand/mark  of  metal  or 
Brass.  (9).  Aluminum.  (10). 


I 

\ 
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(continuati 


tion  table  39. 


t,  10 

Hair-icnonamie 
m  M3|>Ka  Mera.iaa 
ff.m  cn/iasa 


J  llpcje.i  I  Ilpc.-.c.i 
npOHiiocni  i^  ioyiccrii 

r/  ...7s.,, 


Kit  MM* 


<z> 

.laTyHb 

J1O70  — 1 

25  (a) 

35  (m) 

58  (i) 

<g> 

JTaryHb 

21062—1 

35  (a) 

38  (m) 

44  (T) 

$ 

34  (a) 

/laiyHb 

21C59— 1 

42  (m) 

62  (t) 

dp 

30-50  (a) 

BpOH3a 
BpA/K9— 4 

55  (t) 

CTD 

40  (a) 

BpoHia 
BpAMu9— 2 

50  (n/T) 

60  (t) 

Kit  MM* 


16,4  (a) 
16.2  (m) 


I  Ornoi.iiTe.ih- 
|  tioo  ya.iHite- 

\4> 


HaitMeH^ociRiie 
u  MapKa  Mcra.i.ia 
iiaiii  cn/iaoa 


\/3/ 
Bpoma 
BpOLH— 3 


pripeaca  ©flpeac.i 
npomiocTii  Tckyncci 
3a*  . 


Othociitc.il 
ecru  hoc  yAfliiHC 


Kit  MM1 


20-30  (A) 
S3  (r) 


KilMM- 


6.5  (a) 


5pOH3t 

BpO<t>10 — 1 


l  <+) 

MeatXHop 

HM30 


(  I 

3aaHCHHe  6yy.tr. 


(*)  —  HRrKHft  (n/r)  —  no.iyTBepjuft 
(t)  —  TBepahlfl  (ot)  —  otomokchhuA 
(a)  —  aHtofi  (o)  —  ofipaeotaHHufi 


Key:  (8).  Brass.  (13).  Eicnze.  (14).  German  silver.  (15).  Value  of 
letters:  (m)  -  soft;  (t)  -  hard;  (1)  -  cast;  (p/t)  -  samihard;  (ot) 
annealed;  (o)  -  machined. 
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The  strength  of  copper  eitn  ac  increase  in  the  temperature 
considerably  is  depressed  and  according  to  experimental  data 
comprises: 

rip«  Tennepaxype,  ®C  .  .  .  .  JO  50  100  150  200  250  29-5  367  451  556 
ripoiHOCTh,  % .  100  98  95  91  H.5  79  75  60  51  33 
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Allowable  stresses  ter  copper  and  brass  in  the  dependence  on  the 
temperature  are  given  into  tables  41. 

For  copper  and  brassing  permissible  tensile  stresses  compose 
appro ximately/exemplarilj  b7o/o  of  the  allowable  stress  fer  relied 
stock. 


Allowable  stresses  cn  the  bend  for  annealed  copper  in  the 
dependence  on  the  temperature  are  given  intc  tables  42. 

For  the  apparatuses  and  the  parts,  which  work  at  temperature 
more  than  250°C,  use/app licaticn  cf  copper  and  trasses  is  not 
recommended. 

The  results  of  the  tensile  tests  of  nonferrous  metals  at 


different  temperatures  are  giver  in  Table  43 
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Table  41.  Allowable  stresses  rcr  ccpper  and  trass  at  different 


temperatures. 


u) 

Teuncparypa,  °C 

120 

110 

1 

160 j  IMO 

200  j  220 

l 

2'oi  250 

1 

(*> 

jXonycxac*oe  ttanpawenne  j.ia  Mean 

Rl,  KilCM* 

440 

120 

100 

•"'.SO 

360 !  3 10 

1 

320 

300 

~Z  T5? 

JIonycKaeMoe  Hanpaxeime  a**  aary- 
HH  /?„  KtlCM* 

500 

175 

450 

125 

100  375 

350 

335 

Key:  (1).  Temperature.  (2).  Allcwacle  stress  fcr  copper  kg/ca2. 
(3)  .  Allowable  stress  fcr  crass  kg/cm2. 

Table  40.  Mechanical  Properties  of  Nonferrous  Alloys  at 
Different  Temperatures 


— - nr 

Tewiepa- 
Typa,  *C 

20 

200 
rT) _ 

300 

400 

U) 

Mapua 

M*Te- 

pxaja 

IP  & 

■•si 

U  S  N 

55“ 

a.g.  « 

C  e  <j 

i  ?« 

«  “  -3. 
cl?5 

■ 

OS 

jll 

il  4 

S 

gSi 

cJ! 

5  =» 

_  o  a 

a  *  s? 

S-ll 

C  c  ® 

«:  5*» 

«  u  = 

c‘S-5 

Siv 
S§  * 
Sr  |* 

o' 

5 

2  "  * 

C  a 

01X10— 2 

25 

18 

20 

15 

15 

14 

14 

13 

BpAMu9— 2 

40,.  60. 

20. 

53. 

— 

52 

— 

44 

— 

71062—1 

38. 

20. 

29 

— 

28 

— 

10 

— 

V»M  elk 

22.9 

— 

— 

— 

13,2 

— 

8,5 

— 

OU8 — 4 

20 

14 

17 

— 

— 

— 

— 

— 

|  HucitcaMN  odoowricno:  »—  jnrrcHI  ■  jmaio;  •  -  taraHwft;  r 

C  —  JNTOtf 

a  ioxii.it. 

scripts  denote:  a  -  cast  in  earth;  a  -  rolled; 
e*«  chill  cast. 


(3)  Tensile  strength 

Copper;  (6)  Sub- 
r  -  soft; 
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Tabla  42.  Allowable  stresses  cn  tne  bend  for  annealed  copper  in  the 
dependence  on  the  temperature. 


TcMnepaTypa  ctchkh, 

in  °c 

HonycKieuoe  Hanpavetme 
H3rn6  /?*,  Kt/MM* 

120 — 110 

4.7 

HI— 160 

4,4 

161—180 

4.2 

181 — 200 

4.0 

201—220 

3.8 

221—210 

3.6 

241—250 

3.3 

Kay:  (1).  Temperature  cf  wall.  (2).  Allowable  bending  stress 
kgf /mm2. 
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Table  43.  Results  of  the  tensile  tests  of  nonferrous  metals  at 
different  temperatures. 


(0 

Metu« 

~T7~ 

lu 

f\ 

—  n 
a  a, 

4;^ 

|TV_ 
c  3 

1  O  >' 

Ji  2  *  . 

27 

111 
-  c  " 

if 

a| 

3  *.• 

li: 

(V 

*  X 
it  to 

13, 

O  X  -> 

<D 

MtTI.lt 

e£> 

AO 

5* 

Si 

H  £* 

| 

£>s 

=1 

li, 

li: 

”25 

a 

it 

oS-# 

[iHTTTTilTrL 

KfflEjSw 

20 

200 

•too 

600 

800 

3240 

2890 

1180 

280 

50 

34 

35 

19 

14 

7 

70 

70 

27 

17 

9 

(v 

Ajumiihhh, 

DTOMMKeHHUH 

npH  350°  C 

20 

75 

135 

310 

403 

510 

600 

1160 

1000 

765 

260 

125 

55 

35 

19 

24 

32 

39 

42 

45 

42 

79 

83 

88 

97 

99 

99 

100 

(f> 

HlIKC.lb, 

OTOWWeMIIUH 

npH  900°  C 

20 

195 

.109 

4*5 

593 

800 

1000 

4930 

4480 

4480 

.1020 

2060 

920 

400 

26 

26 

31 

20 

15 

11 

11 

72 

66 

67 

31 

15 

18 

15 

(9J  * 

Ojoto, 

OTOiKKeHiioe 

npn  50° C 

20 

53 

100 

153 

180 

207 

275 

175 

105 

65 

45 

25 

| 

74 

72 

82 

97 

12 

0 

f  /°) 

Uhhk. 

OTOWlKCHIlufl 

npn  200° C 

20 

112 

150 

247 

330 

405 

1130 

725 

500 

225 

125 

3 

i 

VO 

CSHHCU, 

OTOW*etlHblfi 

npn  100° C 

20 

82 

150 

195 

265 

B 

31 

24 

33 

20 

20 

too 

100 

100 

100 

100 

Key:  (1).  total.  (2).  Temperature.  (3).  limit  cf  strength  kg/cm* 
(4),  Elongation  per  unit  length.  (S) .  Contraction.  (6).  Brass, 
annealed  at  500°C.  (7).  Aluminum,  annealed  at  35C°C,  (8).  Nickel, 
annealed  at  900°C.  (9).  lin,  annealed  at  50°C.  (10).  Zinc,  annealed 
at  200°C.  (11).  Lead,  annealed  at  100°C. 


Page  155 


DOC  *  80040208 


FAG£ 

For  manufacturing  the  separata  parts  of  apparatuses  and  vessels 
cr  for  their  coating  are  applied  in  the  limited  quantity  nonferrous 
metals  as,  for  example,  ricJcei,  aluminum,  zinc,  tin,  lead  and  so 
forth,  ate.  Zinc  is  applied  mainly  for  the  prctectors/treads  of 
apparatuses,  which  undergo  destruction  under  the  action  of  galvanic 
currents.  Aluminum  is  used  for  manufacturing  cf  parts  sufficiently 
strong  ones  and  lungs  atd  just  as  lead,  it  car.  be  used  as  the  sealing 
material. 

§  30.  Iron  casting. 

Iron  casting  has  sufficiently  limited  application  in  the 
manufacture  of  the  parts  of  shipboard  heat  exchangers. 

The  cast  iron  in  the  majority  of  the  cases  are  made  from  gray 
cast  iron  as  densest  ard  least  subjected  to  action  of  corrosion,  and 
also  possessing  good  castabilities .  Cast  iron  parts  can  be  used  for 
the  apparatuses,  which  week  under  the  pressure  net  more  than  6 
kg/cm*,  also,  at  temperature  of  working  medium  not  more  than  200°C. 
The  use/application  cf  cast  iron  parts  fer  the  apparatuses,  which 
undergo  the  effect  of  sea  water,  is  not  allowed/assumed. 

The  sizes/dimensiens  cf  cast  iron  vessels  must  net  exceed  600  sn 
in  diameter  and  400  X  on  the  capacity/capacitance. 
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The  cast  cast  iron  covers/caps,  the  drains  of  condensate  and 
ether  parts  of  apparatuses  and  cirferent  fittings  are  made  from  gray 
cast  iron  (on  GOST  1 41 2-54)  knese  tasic  properties  are  given  into 
tables  44.  k  great  use  in  the  apparatus  construction  find  cast  irons 
cf  brands  SCh 18-36,  SCh24-44  and  SCh28-46. 
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Tables  44.  Mechanical  p rcparties  ci  castings  from  gray  cast  iron. 


(O 

Mapua 

wyryaa 

_  i 
llptjc.i 
npOlHOCTM 
na  pa3pua, 
ml  mm* 
ae  weitee 

'  n~T5r~ 

■  {XMiOCTB 

■a  israS 
KZlMM*. 
M  >««• 

W 

Twpaocib 

noEpHHeJiaio 

"m 

CTpcna  nponi6a..tf.t4 
npn  paccTOAHHM 
Mt'As&y  onopaMn,  mm 

2 

5  o  S'1 
S.§“  = 

uBS^C 

600 

300 

CM  12-28 

12 

28 

143-229 

6 

2 

50 

CM  15-32 

15 

32 

163-229 

8 

2.5 

CM  18-36 

18 

36 

170  -  229 

8 

2.5 

70 

CM2I-40 

21 

40 

170-241 

9 

2 

75 

CM24-44 

24 

44 

170-241 

9 

3 

83 

CM28-48 

28 

48 

170—241 

9 

3 

100 

Cl  132-52 

32 

52 

197-248 

0 

3 

110 

Key:  (1).  Brand/mark  of  cast  iron.  (2).  Yield  strength,  kgf/mn2,  is 
not  less.  (3).  Ultimate  breaking  strength  kgf/mni2,  is  not  less.  (4) 
Hardness  according  tc  ErineJ.1.  (5)  .  Bending  deflection,  mm  with 
distance  between  supports,  mm.  (6).  Ultimate  compression  strength, 
kgf/xm2 . 
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A  change  of  the  limit' cf  the  strength  cf  the  bend  of  cast  iron 
in  the  dependence  on  the  temperature  according  tc  experimental  data 
is  given  in  table  45. 

Allowable  stress  fer  tae  cast  iron:  ^ 

/?,  =  /?,*=  200  250  kaIcm'. 


For  cast  iron  of  ayerage/mean  quality  the  allowable  stress  on 
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the  bend  can  be  accepted,  in  depending  on  the  kind  cf  load  and 
surface  condition,  on  "fable*  46. 

i 

i 

Allowable  stress  in  cast  iron  on  the  cc ■ pressicn : 

Rd  =  600 m'cM*. 

Addition  to  cast  iron  wall  tnickness  accept  C=7-9  so,  fcr  the 

t 

centrifugal  casting  by  C=5  ma.  ! 
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Table  45.  Ultimate  breaking  strength  of  cast  ircn  in  dapending  on 


temperature. 


11) 

Teunepaiypa.  "C 

20 

200 

300 

400 

500 

570 

^ej 

flpeae-i  npoMiiocTH  h*  X3rx<5, 

K!  j  CM* 

2350 

2380 

2360 

2190 

1810 

1230 

Key:  (1).  Temperature,  °C.  (2).  Ultimate  breaking  strength,  kg/cm2. 


Table  46.  Allowable  stresses  cn  the  bend  of  cast  iron  in  the 


dependence  on  load  and  surface  condition. 


(O 

pj-j  - 

Hanpaxceuxe  na  h3tm6  R^  kz/cm* 

Pox  xarpysKii 

^6ta  xHTefiHoft 

KOpwit 

W'  jHTcfinoll 
KOpKOM 

420 

CnoKomiaa 

OoipncTiniiuw  ot  iiy-m  jo  stawCH- 
’  MXXbHOro  3Haiciuw 

510 

340 

280 

McHmomaocfl  ot  MancHMajibHoro 
OTpimaTcabiioro  3»iaMCHH«  ao 

MaKCH\ta.ibiioro  noaoKiiteabiioro 
awaMCiiiifl 

170 

140 

Kay:  (1).  Kind  of  load.  (2).  Stress/voltage-  cn  tend  kg/cm2.  (3) 
without  the  casting  skin.  (4)  with  the  casting  skin.  (5).  Steady. 
(6) .  Increasing  from  zero  to  saximum  value.  ( 1 )  .  Changing  free 
maximum  negative  value  tc  maxioua  positive  value. 
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§  31.  Jointing  materials  tracking) 
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As  the  jointing  materials  in  the  heat  exchangers  are  applied 
different  packing.  Hher  selecting  cf  packing  it  is  considered: 


1)  the  character  cf  the  pacxec  medium; 


2)  operating  pressure  in  the  apparatus; 


3)  operating  temperature; 


4)  the  duration  of  connection  to  the  dismantling; 


5)  the  quality  cf  packing  surfaces  (smccth,  rough); 


6)  the  width  of  the  packing; 


7)  the  thickness  cf  the  packing; 


3)  the  force  of  the  tightening  of  the  bolts; 


9)  the  position  of  the  packing; 


10)  external  agency  cn  the  packing; 


1 

A 
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11)  the  property  c t  sealing  material  (strength,  elasticity, 
coefficient  of  friction). 

In  essence  all  sealing  materials  are  subdivided  into  three 
groups: 

1.  Nonmetallic  pads  -  runner,  paranite,  cardboard,  asbestos, 

etc. 

2.  Metallic  packing,  manuractcred  with  pillar  frcm  metal  or 
alley  -  copper,  bras*s,  steel,  lead,  etc. 

3.  Submetallic  pac*ing,  wnicn  have  metallic  itounting/case 
(brass,  copper,  lead,  zinc)  and  nonmetallic  center  (asbestos, 
rubber) ,  or  vice  versa. 

The  racst  popular  include  toe  rolloving  sealing  materials. 

Rubber  of  the  2nd  group,  average/mean  hardness  from  7.5  to  11 
kg/cm2.  It  is  commonly  used  as  the  packirg/seal  for  the  smooth  flange 
joints,  which  are  contacted  with  tne  cold  and  hot  sea  and  feed  water, 
the  aguaous  solutions  anc  tee  air  at  temperature  frcm  -30  tc  *60°C 
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and  pressures  to  3  kg/cm2,  and  with  the  cloth  packing  -  to  6  kg/cm2. 

Heat-resistant  rutter  cf  the  4th  group  cf  average/mean  hardness 
with  the  cloth  packing  is  applied  tor  the  temperatures  to  15C°C  and 
the  pressure  to  10  kg/ca2. 

Oil-resistant  rubber  or  the  6th  group  cf  a verage/mean  hardness 
is  anplied  for  oils  and  luel/prcpellant  at  teaperatures  to  60°C  and 
pressures  to  3  kg/cm2. 

Plastic  rubber  without  tne  harmful  impurities  is  applied  for  the 
everyday  apparatuses,  irtanued  for  the  preparation  cf  drinkirg  water 
and  food. 

Sealing  rubber  is  manufactured  any  form  and  any  sizes/dimensicns 
in  the  form  of  plates,  ccrds  ci  round,  square,  quadrangular  and 
shaped  secticns/cuts .  The  thickness  of  rubber  plates  without  the 
packing  is  from  1  to  4C  mm  and  with  the  cloth  packing  from  2  to  15 
mm  • 
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Paranite  is  the  mcst  general-purpose  and  widely  used  sealing 
material;  it  is  applied  tor  packing  the  surfaces,  which  are  contacted 
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with  the  cold  and  hot  fresh  and  sea  water,  the  trine,  the  acids,  the 
alkalies,  the  water  saturated  and  superheated  steaa,  the  air  and  the 
flue  gases  at  temperature  tc  40C°C  and  pressure  to  15  kg/cm2. 

Paranite  is  manufactured  in  the  term  of  sheets  with  size/dimensicn  tc 
1500  mm  and  in  thickness  rxcm  0.3  to  6  mm. 

Cardboard  is  applied  rcr  p ackxngs/seals  cf  surfaces,  which  are 
contacted  with  the  liquid  propellant,  the  lubricating  oils,  the  air, 
the  ventilation  gases  anc  the  arinking  water  at  temperature  tc  90°C 
and  pressure  to  6  kg/cm2;  cardboard  impregnated  -  fer  the  surfaces, 
which  are  contacted  with  the  Kerosene  and  the  gasoline  at  temperature 
to  30 °C  and  pressure  tc  10  kg/ca2. 

Cardboard  asbestos  is  applied  for  packing  the  surfaces,  which 
are  contacted  with  the  het  gases,  the  gasoline  and  the  kerosene  at 
temperature  to  180°C  and  pressure  to  3  kg/cm2. 

By  fabrics  cotton,  unbleached  linen,  by  hemp  ccxds  with  the 
greasings  by  the  red  lead  cxide  and  different  mastics  pack  the 
connections,  intended  fer  the  lew  pressures,  and  the  untreated  or 
slightly  machined  surfaces. 

Copper  annealed  is  applied:  btand  13  fer  packing  the 
connections,  which  are  contacted  with  the  saturated  and  superheated 
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steam  at  temperature  tc  250°C  and  pressure  tc  35  kg/cm2,  brands  Ml  - 
at  temperatures  to  350°C  and  pressure  to  45  kg/cm2,  and  also  for  the 
Freon,  carbonic  acid,  hot  gases,  r uel/prcpellant  and  oils  at 
temperature  tc  200°C  ana  pressure  200  kg/cm2. 

Iron  soft  of  the  type  Armcc  is  applied  for  the  saturated  and 
superheated  steam  at  temperature  tc  450°C  and  pressure  to  64  kg/cm2 
and  for  ether  corrode  media  at  temperature  tc  450°C  and  pressure  tc 
100  kg/cm2. 

Aluminum  is  applied  for  the  media,  in  which  is  not  dissolved 
cxida  of  aluminum,  and  at  very  kiga  and  low  temperatures  and  high 
pressures. 

Lead  is  applied  fer  packing  the  connections,  which  are  contacted 
with  the  acids,  oils,  liguid  propellant,  gasoline  at  temperature  tc 
100°C  and  pressura  tc  UC  xg/ca2. 

Submetallic  and  riffled  aetallic  packing  are  applied  in  the 
dependence  on  their  ccrs tructicn/design  for  packing  the  connections, 
which  are  contacted  with  the  gases,  the  air,  the  water,  the 
fuel/propellant  by  oil,  acids  and  the  like  at  temperatures  of 
60-250°C  and  pressure  from  5  tc  60  kg/cm2,  arc  they  are  established 
on  smooth  surfaces  of  the  connections,  which  frequently  undergo 
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disma  ntling. 

Tentative  widths  ana  tnicknesses  of  packing  in  depending  on 
their  diameter  are  given  in  Tanle  47. 

The  specific  pressures,  necessary  for  the  deformation  of  packing 
and  that  maximum  per miss iblc ,  call  their  flattening,  and  alsc 
specific  gravity/weight  cf  the  material  cf  packing  are  given  in  Table 
48. 

Page  157. 

In  order  to  determine  the  conditions  of  nonextrusion  of  the 
nonmetallic  packing,  pressed  Between  the  smeeth  flanges,  they  use  the 
formula 

(Z>.  +  b)birf>  DM 

where  D bore  cf  packing,  cm;  b  -  width  of  packing,  cm;  6  - 
thickness  of  packing,  cm;  the  specific  pressure  on  the  packing, 

necessary  for  the  deformation,  Kg/cmz;  p  -  the  design  pressure  of 


medium,  kg/cmz;  f  -  coefficient  of  the  fricticn  cf  pad,  equal  to; 
f=0.10-0.15  during  treatment  V  of  the  surface  cf  the  flanges; 
f=*0. 05-0.  C8  during  treatment  VV  cr  the  surface  of  flanges. 
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Table  47.  Sizes/diaensicns  cr  packing. 


(U 

Ji  Jiauerp 
UpOMaiKH, 

MM 

i  v  HeMeTa.MHiecKiie.  mm 

(3J  Meia.i.iHqecKHe,  mm  | 

\4) 

uiHpiiHa 

w 

TOJlUHlia 

CD 

UXIIpMHS 

TOJiuimu 

Ho  100 

5-6 

1—1.5 

3-4 

1-2 

100-200 

6-7 

1—1,5 

4-5 

2-3 

200-400 

i 

QO 

1,5-2 

.5—6 

3-4 

(7/> 400-600 

8—10 

1 .5-2.5 

6-7 

4—5 

Cautne  600 

12-20 

2-3 

8-12 

5—6 

K*»y:  (1).  Diameter  of  packing,  aa.  (2). 

Metallic,  mm.  (4)  widtt.  (5)  thicuness. 
than. 


Ncnaetallic,  aa.  (3)  . 
(6).  1c.  (7).  It  is  more 


Tables  48.  Specific  pressures  on  the  packing. 


(/2 

npoMjaaoniue 

yaeauioe  jaaaeHHe  Ha  npoKaajKy, 
[V  Kt/CM* 

fi-V 

yAuabiiuK  aec. 

MaTcpnanu 

» 

HcofinojHMoe  xm 
Ae<popMamiH 

BU3un3mmce 

pactMiouiHBaitite 

m'M ■* 

U/ 

PC3MH3 

\l*)  2.6 

35 

1.5 

napJHHT 

30  h  60  (a**  ra3oa) 

315 

l.'J 

Kaprot^ 

20 

— 

1.0 

Kiproii  acOecTO- 

bkA 

<,o> 

40 

— 

— 

•McflW  OTOaDKCH* 

750 

980 

8.9 

•a.  u0 

/K eaem  unriioc 

— 

1260 

7.85 

CaMiwa  \jx>  ' 

110 

— 

11.3 

Key:  (1).  Sealing  materials.  (2).  specific 
kg/ca2.  (3)  necessary  fci  the  defcrmaticr. 
flattening.  (5).  Specific  gcavity/Beight , 


pressure  on  packing 
(4)  the  calling 
t/n2.  <6)  . 


9 


Rubber 


(7) 
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Paranite.  (8).  Cardboard.  (9) .  Cardboard  asbestos.  (10).  Copper 
annealed.  (11).  iron  (soft).  (12).  Lead.  (13)  30  and  60  (for  the 
gases)  . 
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5  32.  Insulation. 

Basic  insulation,  used  for  the  insulaticr/isolation  of  heat 
exchangers,  are  given  in  latle  49,  containing  physical  constants 
insulation/isolation . 


& 
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Tables  49.  Physical  constants  or  insulation/isclaticn. 


w 

Maiepwaa 

( » 

Bee 

TV  Z 

4>opnyaa  ko»4>4>huk-  'v 
CHTa  Yen.ionpoeoA- 
HOCTH  X, 
KKQAfM-H&C  °C 

«4lo 

Q.  O  . 

t>  »-  2 

«  «o 

H  0.0 

<*> 

Hknse.ib  f? 

(f 

B  fiopouiKe  200  kiIm3 
7B  m30.i»uiih  ,350  k:/.h> 
)  B  uiivKaTypKe  400 

U- 0,0695  +  0,000083  fcp 

350 

[Q) 

CoseaHT  S 

j- _ _ 

B  nopouiee  220  KtjM3 
B  IttOJIflUHII  420  KljM 3 

1  B  uiTyKaTypKe  440  ki\m* 

X-  0.736  +  0.000162 

4oe 

( /o/ 

Tcpna.ii> 

T77P 

TjaAKiiA  c  acdccTOBWMH 
xoai.ua  mii 
rocppHponjHHUti 

X  =  0,016  +  0,000218  tc? 

X  =  0,05!  +0,000210  te? 

400 

uv 

T Kaiib  acOecro- 
rjh 

(*">7  Kapron 
acCccTosuii 

1. 6-2.0  KIM*') 

3,3  KiiM* 

X  =  0.106  +  0.000159  U9 

X  =  0,135  +  O.OOOto  /cp 

400 

600 

{fV 

Atarpau. 

lianCMHCHHUl! 

HbiOfUMeM 

I  ripii  Toauuiiie  -v 

25  mm  —  7.5  ki/m* 

40  MM  —  JO, 5 

50  mm  —  12.5  kiIm1! 

)  X  -0.07  +  0,00012 

400 

~Wj 

MaTpau. 

iiano.ineiniuft 

COUC.1HTOM 

M31 _ 

(?Z) 

ripn  Toaumue 

25  mm  —  7.5  kz'm1  J6 
40  mm  —11,2  k.!m*j 
50  mm  —  13,4  KtiMy 

)  X  *=0,075  +  0,00012  7cp 

450 

3»«fc  I _ —  mini  ipu4>i>eTme<i»  Ttaneparyp*  -  n 

woe ht.  •*  a  mpyxiro*  noMpMocnt  cim«». 


■a. tci  aa  Tcancprrjrp  rtuao- 


Key:  (1).  Material.  (2).  height.  (J) .  Formula  cf  coefficient  cf 
thermal  conductivity  X,  kcal/m- hour  °C.  (4) .  Temperature  cf 

stability,  °C.  (5).  Newell.  (6).  In  powder.  (7).  In 
insulation/isolation.  (0) .  in  plastering.  (9).  Scvelit  [99spG7  - 
mixture  of  MgO,  CaC03,  and  ascestos],  (1C).  Thermal.  (11).  Smooth 
with  asbestos  rings.  (I*),  corrugated.  (13).  Fabric  asbestos.  (14) 
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kg/m2.  (15).  Cardboard  (asbestos.  (16).  Sith  thickness.  (17). 
Insulation  blanket,  filled  c y  Newell.  (18).  Insulation  blanket, 
filled  with  sov»lit.  (IS),  dexe  -  arithmetic  mean  temperature  -  is 
composed  of  temperatures  cf  hear  carrier  and  external  surface  of 
wall. 
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Recently  ewer  mere  wane  acceptance  cbtaics  the  new  means  of  the 
insulation/isolation  of  mechanisms,  apparatuses  and 
conduits/manifolds  -  sc-called  BGV  -  the  formed  fired  vermiculite. 

FOV  is  manufactured  in  the  form  cf  moldings  -  the  rectangular 
plates/slabs  with  the  siza/dimensicn  100Cx5CCx 3C-50  of  mm  and  in  the 
form  of  the  rectilinear  ana  curvilinear  shells  with  a  length  cf  500 
mm,  with  thickness  free  30  tc  70  11  and  in  bere  from  30  to  420  mm. 

For  the  diameters  more  than  13C-15C  mm  tc  mere  expediently  apply 
moldings  in  the  form  of  tae  segments  which  car  be  established  to  the 
tubes  of  different  diateters;  furthermore,  segments  are  transportable 
than  shells. 

The  specific  weight  ox  the  melded  plates/slabs  -  250  kg/m3,  and 


shells  -  230  kg/m3 


DOC  =  80040208 


FAG*  JtrT' 

The  coefficient  of  tne  tneraai  conductivity  X  cf  articles,  in 
depending  on  aean  temperature  tcp.  is  determined  from  the  formula 

>.«*0f07-f-0,0002fep 

kcal/m«h°C. 

Temperature  stability  cf  articles  tc  60Q°C. 

The  installation  cf  insulatic r/isolaticn  by  the  moldings,  which 
have  smaller  specific  weignt,  it  comparison  with  Newell  and  scvelit 
cf  the  isolated  surfaces,  is  produced  withcut  the  preheating  and 
requires  only  the  small  smearing  cr  welds  and  joints.  Bork  on  the 
insulation/isolation  can  be  produced  independent  of  the  site  cf 
installation  of  the  isolated  articles. 

The  use/applicaticn  cf  EQV  as  insulation  in  the  form  of  moldings 
makes  it  possible  to  considerably  reduce  the  labor  consumption  of 
installation  works,  and  to  also  lower  the  weight  of 
insulation/isolation. 

As  facing  material  for  the  iasulaticn/isclation  in  the  majority 
of  the  cases  serve  sheets  made  cf  galvanized  iron  with  a  thickness  of 
1  mm  and  sheets  from  aluminum-mayaalium  alley. 
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Chapter  VI. 

Calculations  of  strength. 

Heat  exchangers,  as  a  rule,  work  under  pressure  or  in  vacuum. 

The  parts  of  heat  exchangers,  wticn  are  subjected  leads,  are  designed 
in  essence  for  the  strergtn  in  depending  on  their  material,  operating 
pressure,  temperature  and  properties  of  medium. 

In  this  section  are  given  calculation  formulas  and  methods  of 
determining  the  strong  snas/diaensions  cf  the  tasic  parts  cf 
different  apparatuses  and  vessels,  relied  on  strength. 

The  calculation  of  vessels  trem  the  nenferrous  metals  and  the 
alleys  is  produced  by  the  same  calculation  procedure,  as  for  the 
steel  vessels,  in  this  case  necessary,  just  as  for  steel,  to  consider 
all  mechanical  properties  of  the  material  used. 
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The  order  of  the  presentation  of  naterial 
approxiniately/Qxeinplarily  corresponds  to  the  sequence  of  the  produced 
stress  analyses  of  parts. 

§  31.  Calculation  of  cylindrical  walls. 

Thin-walled  steel  cylicders,  suojacted  to  internal  pressure. 

The  wall  thickness  or  cylinaer  or  tube 

5  ■gs£rr  +  c"'-  <213> 

where  p  -  design  pressure,  xg/ca*;  takes  as  the  equal  to  the  sua  of 
the  operating  pressure  cf  medium  in  the  vessel  and  hydrostatic 
pressure,  if  it  comprises  acre  that  2. 5o/c  cf  the  wcrker;  D,  -  the 
cylinder  bore,  mm:  ♦  -  acduius  cf  resistance  cf  weld;  it  is  accepted 
cn  "labia#  50  in  the  dependence  cn  the  construction/design  of  weld  and 
welding  method;  R,  -  permissible  tensile  stress,  kg  /am*;  it  is 
accepted  in  the  dependence  cn  one  temperature  cf  wall  cn""lafcl€  51, 
and  the  safety  factors  -  in  Ta  ole  52.  C  -  addition  to* the  calculated 
wall  thickness,  which  considers  corrosion,  tolerances,  ovality,  etc., 
mm;  C=0.18s  with  3p*»>6  mm  ard  C=  1  mm  when  Sp*,<6  mm. 
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Page  16  3. 


Table  50.  Values  of  moduli  oi  resistance  m  in  depending  on  the  form 


cf  weld. 


(j^Bha  uiaa  h  criocoft  cbapKH 

3mmchh«  ? 

(?)Py'iHa»  ra30-  hah  a.ieicrpocoapKa 
■  JCTMKOBbie  UIBU  C  nOABjpKOA  CO  CTOpOHhl  BepUJHHU  uiaa 

U,95 

^CrwKOswe  iubu,  cuapiiaaeMue  c  oahoA  CToponu,  no  nueio- 

0.9 

LUHe  CO  CTOpOHU  BepUlHIIU  nOAKABAKH  HAH  KOAblia,  npH.le- 
a  raomne  k  ocHOBHoxy  Meta-iay  no  aceA  j.iHiie  uiaa 

"Ctukohuc  uinu,  caapHoaeMue  TOAbKO  c  oahoA  CToponu 

Orta)  npoAOAbHbie 
(f pt  nonepe  iHue 

0.7 

0.8 

j.  (jy\HTOMaTHtccKaH  cBapxa  noa  c.iuen  (p.mca 

^CtblKORbie  IUIIU  C  AUyCTOpOHlIHM  lipOBapOM 

1.0 

^Ctukobuc  uibu.  cnapiinaoiuc  toabko  c  oahoA  cropoHU 
.v  (V4  Ko»p<{)HuiieiiT  nponiocTH  uiaa  naa  muah 

Hlpa  naaHHOM  uiae  TBepaux  npimocw  hah  caapKe  MeAb» 

0.8 

0.8 

Key:  (1).  Form  of  weld  acu  welaing  method.  (2).  Values.  (3).  Manual 
gas-  or  electric  welding.  (4) .  Eutt  welds  with  auxiliary  welding  frcm 
the  side  of  apex/vertex  cf  weld.  (5) .  3utt  welds,  welded  on  cne  hand, 
but  which  have  on  the  side  cf  tne  top  of  bac king/blcck  cr  rings, 
adjacent  to  base  metal  all  ever  weld  length.  (6).  Butt  welds,  welded 
only  on  the  one  hand.  (7).  longitudinal.  (8).  transverse.  (9). 
Automatic  submerged-arc  walding.  {10).  Butt  welds  with  bilateral 
penetration.  (11).  Butt  walds,  welded  only  cn  the  one  hand.  (12). 
Modulus  of  resistance  of  weld  ror  copper.  (13).  iith  soldered  weld  by 
brazing  metal  or  to  welding  by  copper. 


■A 


H 
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Table  51.  Values  of  permissible  tensile  stresses  during  the 
calculation  of  cylindrical  walls. 


lATcMncpaTvpa 
CTCIIKII,  °C 

Rf.  KiJ'MM 

(«^McHee  250 

*± 

«* 

^Ot  250  Q&)  400 

1 

«T 

(j) 

C*)  Bo-icc  -100 

'j.  II 

V  "it 

DepCTCJI  B3H- 
MCHbiuce  3H.me- 

HMC  OTMOUiemiH 

The  designations:  •*  -  the  limit  of  the  strength  of  metal  to  the 
elongation  at  temperature  ct  2G°C,  kg  /mu*;  -  yield  stress  of 

metal  at  temperature  t,  kg  /mm2;  -  creep  limit  of  metal  at 

temperature  t,  kg  /ram2;  »*.»»  and  *■  -  safety  factors  in  the  relation 
respectively  to  the  limits  of  strength,  visccsity/y ield  and  creep 
(they  ar°  taken  accordirg  to  Table  52). 


Key: 

(D  . 

Temperature 

or  wall. 

(2)  .  kg/mo. 

(3)  . 

Note.  (4) 

.  It  is 

less. 

(5) 

.  From.  (6)  . 

to.  (7). 

It  is  more. 

(8)  • 

Is  taken 

small  value 

of  re 

lati 

ons. 

Page  164. 

Formula  (213)  is  applied  rcr  calculating  thick-walled  vessels, 
which  refer  outside  diameter  to  tne  internal  net  more  than  value  1.5. 


1 
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During  the  calculation  cf  the  wall  thicknesses  of  the 
cylindrical  containers,  sunjected  to  internal  pressure  at  normal 
temperature  (cistern  and  ether  vessels,  which  werk  under  conditions, 
close  to  the  body  const r uctacrs/designs)  ,  permissible  tensile  stress 
is  received  as  egual  tc 

R,  *»0,6a,  kg  /u*  (214) 

where  3,  -  yield  stress  cf  aetal  with  the  normal  temperature, 
kg  /in2. 

Thin-walled  steel  cylinders,  subjected  tc  ambient  pressure. 

The  wall  thickness  cf  cylinder  or  tube 

+  +  '2,5> 

where  p  -  external  overpressure,  kg/cm2;  D  -  diameter  of  cylinder  in 
light/world,  cm;  Rd  -allowable  compression  stress,  kg/cn2;  /-  length 


cf  cylinder  (between  the  erfective  rigid  attachments),  cm;  C  - 
addition,  cm;  a  -  factcr,  cfctaiaed  experimentally. 


f 
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Tabla  52.  Values  of  the  safety  factors  during  the  calculation  of 
cylindrical  walls. 


[')  IlHJimupw  caapiihic 

(i)  Kos4>4>HUHeHTu  3anaca  | 

«T 

n„ 

(e)0<SorpcBacMbie  raaow  npH  h3.ihwhm  hjih 

4,5 

2.0 

1.15 

OTCVTCTBHH  OTBCpCTHH 

(HmeotforpcBacMwe  ra30M  npH  HajuiqHH  otaep- 

4,25 

1.9 

1.10’ 

cthh  noa  TpydKH,  .hohkh  h  t.  n. 
(^HeoGorpeBacMNe  ra30M  npw  HaaitmiH  Ha- 

4.0 

1.8 

1.0 

jewHo  yicpcnacHHux  oieepcTim  .11160  npii  >u 
OTCTTCTBIlll 

(wVIjki  6ccujobhmx  rpv6 

3.8 

1.7 

1.1 

(jULi*  rpyfionpoBO.iOB 

4.0 

1.8 

1,15 

Key:  (1).  Cylinders  are  welded.  (2).  Safety  factors.  (3).  Harmed  by 
gas  in  presence  or  absence  cf  holes.  (4)  .  Ncnheated  by  gas  in 
presence  of  holes  under  tunes,  saall  hatches,  etc.  (5).  Unheated  by 
gas  in  presence  of  reliably  fastened/strengthened  holes  or  in  their 
absence.  (6)  .  For  seamless  pipes.  (7)  .  For  cccd uits/manif olds. 
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For  the  horizontal  cylinders:  a=100  -  with  the  longitudinal  seam 
overlapping;  a=80  -  with  one  longitudinal  seaz  welded  or  with  the 
cover  plates  from  both  sides. 


For  the  vertical  cylinders:  a=7Q  -  with  the  longitudinal  seam 


overlapping;  a=50  -  with  one  .Longitudinal  seas  welded  or  with  the 
cover  plates  from  both  sides. 
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Breaking  stress  in  tne  cylindrical  containers,  cylindrical 
containers  without  rings  ct  rigidity  whose  breaking  stress  is  lower 
than  th a  yield  point,  anc  the  ovality  of  less  than  0.05  £>„  rely  on 
stability  with  respect  tc  the  rciaula 

(2161 

Cylindrical  containers  without  rings  of  rigidity  whose  breaking 
stress  is  higher  than  the  yield  point,  and  ovality  less  than  0.1  Dm, 
they  are  designed  free  the  fcraula 

P*9~-  7~  —  4^;  >  \»  k*/cmX  (217) 

1  +  £  \  *  ) 

Here  E  -  modulus  of  elasticity  of  material,  kg/cm2;  s  -  the  wall 
thickness  of  vessel  (without  addition  C)  ,  cm;  r  -  the  mean  radius  c-f 
vessel,  cm;  p  -  Pcissor  ratio;  -  yield  pcirt  cf  material,  kg/cm2. 

The  margin  of  the  staoility  cr  the  vessel: 


where  p  -  external  overpressure  or  medium,  kg/cu2;  m^4  -  for  the 
vertical  vessels;  m>5  -  for  the  norizontal  vessels. 
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Thick-walled  steel  cylinders,  subjected  to  internal  pressure. 

If  the  wall  thickness  cf  cylinder  exceeds  lOo/o  of  the  cylinder 
tore,  then  its  calculation  is  produced  according  to  the  formula  cf 
the  thick-walled  vessels: 

’-r(V^-l)+c^  <2,8>< 

where  r  -  an  inside  radius  of  apparatus,  cm;  *  -  modulus  of 
resistance  of  the  weld;  Rt  -  permissible  tensile  stress,  kg/cm2;  p  - 
internal  overpressure,  kg/cm2;  C  -  addition  which  during  the 
calculation  of  the  thick-wailed  cylinders  can  be  placed  of  tbs  egual 
tc  zero. 

If  calculation  is  produced  on  allowable  stress  Rt,  selected  cn 
the  yield  point  then  tbe  wall  tnickness  cf  cylinder  will  be 
determined  according  tc  the  fcraula 

**■  (2'3) 

where  a,  -  yield  point  cf  material,  kg  /*■*. 

Remaining  designations  the  same  as  in  formula  (218). 

Cylindrical  wall,  included  between  the  rings  cf  rigidity. 
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If  the  apparatus,  which  weeks  under  the  external  overpressure, 
is  equipped  with  the  rings  cf  rigidity,  then  the  cylindrical  wall 
between  them  works  on  the  bend. 

Stress/voltage  cn  the  tend  in  the  cylindrical  wall  between  the 
rings  of  the  rigidity: 

where  p  -  external  overpressure,  jcg/cm*;  D  -  diameter  of  cylinder  in 

cm. 


the  light/world,  eae  s,  -  wall  thickness  without  addition  C,  cm:  fer 
valve  apparatuses  Sj=s-C,  xcr  welded  joints  sx  =  *(s-C);  F  - 
cross-sectional  area  of  the  ring  of  rigidity  (cm*)  without  taking 
into  account  addition  C;  p  -  Ecisson  ratio  (Tabl*  38), 

Rings  of  the  rigidity  cf  cylindrical  wall. 

Load  on  1  running  cm  of  the  length  cf  the  circumference  cf  the 
ring  of  the  rigidity: 


p/Z53T 


(221) 


0.643 
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Critical  load  or  1  running  cm  of  the  circumference  of  the  ring 

Puf=*^r  Kg/cm  (222) 

where  E  -  modulus  of  elasticity,  tg/ca2;  I  -  noaent  of  the  inertia  of 

the  transverse  ring  cf  rigiaity,  cm^;  R  -  radius  of  ring  on  the 

.  , .  cm. 
neutral  line,  «a* 

Critical  load  on  1  running  cm  of  the  circumference  of  the  ring 
of  rigidity,  supported  at  several  points  (considering  its  part  as 
circular  arch  with  the  supported  ends): 

~  0  *9/c"  (223) 

where  a  -  a  central  angle  tetween  the  supports  cf  ring  in  the 
portions  » 

*  =  Z.<*=  180°. 

Reserve  of  resistance  to  the  indentation  of  the  ring: 

nmm£?-  >5. 

Compression  stress  in  the  ring  over  the  diametric  secticn/cut: 

kg/cm2  (224) 

where  D%  -  outside  diaseter  cf  ring, 
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If  ring  is  carried  cur  with  me  ellipticity,  which  does  not 
exceed  lo/o  of  its  nominal  here,  then  the  maximua  bending  moment  in 
the  ring  can  be  determined  according  to  Fedctcv's  formula: 

M=66 p/ (  iqq  j  kq»c*  (225) 

where  p  -  external  overpressure ,  kg/cm2;  “1  -  distance  between  rings, 
cm;  r  -  inside  radius  cf  apparatus, 


Stress/voltage  cn  the  bend  in  the  ring  cf  the  rigidity: 


*9 /c*2. 


(226) 


where  w  -  a  general/coiacn/tctal  acdulus  of  section  cf  the  ring  of 
rigidity  and  adjacent  tc  it  shell  (with  a  length  ~15  cm),  cm3. 

Strength  bending  cf  tne  regaining  part  of  the  shell  can  be 
disregarded/neglected. 


Total  stress/voltage  in  the  ring  of  the  rigidity: 
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#eyB *»/?*  +  /?,  kg/cm2.  (227) 


Tolerances  for  the  cvality  or  welded  cylinders  are  given  in 


Table  53 
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Table  53.  Tolerances  for  tae  ovality  of  welded  cylinders  (according 
to  the  data  cf  practice). 


30  200 

201-300 

301-500 

501-1000 

ilonycK  na  oaa.ib- 
MOCTb,  %  or  D 

1.5 

1.0 

0,75 

■ 

Key:  (1).  With  the  dianeter  of  cylinder.  (2).  Tolerance  for  cvality 
c/c  from  D. 

5  34.  Calculation  of  the  dished  fcoctoas  and  ccvers/caps. 

Bottoms  must  have  a  p ref ile/a irf oil  of  ellipse  or  carve,  close 
cne  to  the  ellipse.  The  diagraa  cf  construction  by  this  curve  is 
given  in  Fig.  68. 


Outside  radius  cf  the  transfer  arc  cf  the  fcettem 


_ V  (0,50.)*  4-  A'V  (0.5/iiP  +  ft*  —  U.S/J,  -r  A  ^  (228) 

*  Oil 

An  outside  radius  of  thei  convex  part  of  the  botten 
/?.-  (0.3Q,E  +  A»-0.5D.f.  ^  (229) 

where  Dm  -  outside  diaaetar  of  tettoa,  as;  h  -  height/altitude  of  the 
convex  part  of  the  bettea  cn  extaraal  surface,  bb. 


1 


Jfl 
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Fig.  68.  Diagram  of  the  plotting  of  curves  cf  the  dished  bottom. 
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The  dished  bottoms  taose  different  types  are  shewn  in  FigS.  69, 

70  and  71,  must  satisfy  also  the  require aents,  indicated  in  Table  54. 
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Key:  11).  Began  transfer  arc  and  the  beginning  cf  the  cylindrical 
part  of  the  bottcm. 

Fig.  70.  Dished  bottcm  him  access. 

Fig.  71.  Dished  bottom  hith  acies. 


Key:  (1),  On  the  straight  line.  (2).  Not  less  than  0.1  DH  on 
straight  line. 
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Tatis  54.  Design  specifications  roc  the  bottoms. 


Bucot* 

Bunytc.ioA 

«UCTM  AHMUia 

no  Hapyw- 

hoA  noBepx- 

HOCT* 

h 

g 

(3 

Hapy*iihirt 
paanyc  ne- 
pc.xojuoft 
ay  n*  amima 

r « 

(H)PaccToaime  or  np.i»  oTBtpcT:m  | 

(*) 

jo  jepaa 
jHmua  (no 
npoeKUHU) 
a 

ao^a» 

apyioro 

OTBCpCTHft 

(no  npoex- 
uhh) 

k 

jo 

oiGop- 

TOMKM 

jaaoaoro 

OTBep- 

CTIIfl 

He^WeHee 
0.2  D„ 

A 

g 

Q 

He  MeHee 
0.1  Dn 

0°) 

He  MeTicc 
jua.weTpa 
Meiibuiero 

OTBepCIHSV 
(npH  Heyu- 
pCIUCHHUX 

OTBCpCTHax) 

<£> 

He  MeHee 
s 

Motes:  1.  Through  hole  must  oe  arranged/located  centrally. 


2.  Is  not  allowed/assumed  arrangement  of  holes  cn  transfer  arc 
cf  Bottom. 


3.  On  cylindrical  part  is  allowad/assumed  drilling  unit  holes. 

Key:  (1).  Height/altitude  of  tae  convex  Fact  cf  the  bottom  over  the 
external  surface  of  h.  (2).  Inside  radius  cf  convex  part  of  tettoa. 
(3).  Outside  radius  cf  transfer  arc  of  bettem.  (4).  Distance  from 
edge  cf  hole.  (5).  to  edge  or  DOttcm  (on  projection)  a.  (6).  to  edge 
of  another  hole  (cn  projection)  x.  (7).  jricr  to  beginning  of 
flanging  of  through  hole,  (8).  Net  less.  (8a).  and.  (9).  Not  more. 
(10).  Not  less  than  diameter  of  smaller  hole  (with 
unfastened/unstrengtherec  teles) . 
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The  wall  thickness  of  the  aished  bottom  is  determined  from  the 
fcrraula 

+  <230) 

where  £),  -  outside  diameter  of  housing,  am ;  p  -  design  pressure, 
kg/cm2  [see  value  of  p  tc  tne  formula  (213)  ];  y  -  form  factor  of  the 
bottom;  values  y  in  depending  on  tne  value  cf  relation  ^  and  of 
character  of  weakening  bottom  by  holes  are  given  in  Table  55;  in 

the  latter/last  relation  1  -  a  distance  from  the  axis/axle  cf  bottom 
to  the  axis/axle  of  hole,  mm;  d,  dt,  flf,  (FigS  7C  and  71)  -  diameters 
cf  holes,  mm;  is  accepted  greatest;  Rz  -  permissible  tensile  stress; 
it  is  selected  in  depending  cn  the  temperature  cf  wall  according  to 
the  data  of  Table  56;  C  -  addition  to  the  calculated  thickness;  C=3 
mm;  for  the  anechoic  bottoms  in  calculated  wall  thickness  to  17  mm 
C=  2  am  and  for  the  bottcas,  manufactured  frcm  steel  casting,  C=5  mm. 
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The  wall  thickness  cf  tte  spherical  bottom 

s  “  200  R,  +  C  MM' 

where  r  -  an  inside  radius  cf  sphere,  mm;  p,  Rt  and  C  -  the  same  as 
in  formula  (230)  . 

During  the  calculation  cf  the  wall  thickness  of  the  bottoms, 
subject  to  internal  pressure  at  normal  temperature  (cistern  and  other 
vessels,  which  work  under  conditions,  close  tc  body 
constructions/designs)  ,  tae  alicwacle  stress  takes  as  the  equal  tc: 

Rr  —  0,6a,  kg /cm  z 

where  o,  -  yield  point  cf  material  at  normal  temperature,  kg/cm*. 
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Table  56.  Values  of  allcwaole  stresses  fcr  calculating  the  thickness 
cf  bottoms  and  covers/caps,  subjected  to  internal  pressure. 


TesihepaTypa 

CTCHKII  tcj,  °C 

(lyionyciueMoe  HanpuwceHHe  R„  m/mm*  f 

mraMnoBaH- 
HUX  AI1HIU 

& 

AJII  JtHTUX  ANHUI 

(^)a.m  imockhx 
KpuuieK 

(!r)M«Hee  230 

^Ot  250  400 

$  Bo.iee  400 

«» 

2.9 

1.25 

1.25'  0.9 

*» 

4,4 

< 

1.9 

J  J 

s  .  "  «t 

1.9'  1.4 

3.2 

1.4 

5*  .  aB  ,* 

1.4’  0,9 

The  designations:  »*  -  the  limit  of  the  strength  of  metal  to  the 
elongation  at  temperature  of  2041  C,  kg  /ms*;  -  yield  stress  of 

metal  at  temperature  t,  kg  /mm2;  -  creep  limit  of  metal  at 

temperature  t,  kg  /mm2. 

Key:  (1).  Temperature  cf  wall.  (2).  allowable  stress  Rx  kg  /mm2.  (3). 
for  stamped/die-forged  tcttcas.  (4).  for  cast  tcttoss.  (5).  fcr 
fla^/plane  covers/caps. 


FOOTNOTE  *.  Is  taken  small  value.  * NDF0C1N0TE . 


Additional  requirements  fcr  the  dished  bcttcms. 
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1)  Bottoms  are  considered  as  “anechcic"  in  the  following  cases: 

a)  when  the  maximum  size  o t  the  unfastened/unstrengthened 
cutouts  it  does  not  exceed  4s  witn  the  condition  that  the  distance 
between  the  edge  of  cutcut  ana  tha  edge  cf  bcttca  (cn  the  projection) 
comprises  less  than  0.2  Dn; 

b)  when  the  maximum  size  or  the  completely  fastened/strengthened 
cutouts  it  does  not  exceed  8s  and  the  distance  between  the  edge  of 
cutout  and  the  edge  cf  tcttcm  (cn  the  projection)  exceeds  0.2  D„: 

Page  172. 

c)  when  the  maximum  size  of  the  completely  fastened/strengthened 
cutouts  does  not  exceed  6s  and  tne  distance  between  the  edge  cf 
cutout  and  by  the  edge  cf  bottom  (cn  the  projection)  it  exceeds  0.1 

A; 

2.  The  stamped  edges  of  tnrcugh  hole  reinforcement  are  net 
considered. 


3.  Holes  in  bottoms  can  be  ar ranged/located  cut  of  zone  of 
transfer  arc  at  a  distance  not  less  than  s  from  end  cf  this  arc 
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4.  Hole  in  center  cf  flanged  bottom  outside  can  be  carried  out 
by  diameter  to  450  oa  without  special  strengthening. 

5.  Height  of  cylindrical  side  cf  bottom  B  must  be  equal  at 
thickness  of  bottom:  tc  Id  am  -  not  less  than  25  mm,  from  10  to  20  mm 
-  not  less  than  40  mm,  mere  taan  20  mm  -  according  tc  thickness  cf 
bottom,  but  not  less  than  50  mo. 

6.  Thickness  of  cylindrical  part  of  bottom  must  correspond  tc 
calculated  thickness  of  cylindrical  housing  cf  vessel  of  the  same 
diameter.  In  this  case  the  turned  edge  must  comprise  not  less  than 
C. 9  thickness  of  bottom, 

7.  For  welded  bettems  ante  denominator  cf  formula  (230)  is 
introduced  modulus  of  resistance  of  weld  *,  taken  on  lable  50. 

Dished  bottoms,  subjected  tc  ambient  pressure. 

The  wall  thickness  cf  the  tettem 

<231) 

where  Rd  -  permissible  compression  stress,  kg  /mm*. 

Remaining  designations  ana  structural/design  requirements  are 

t 

the  same  as  for  the  bottoms,  sutjected  tc  internal  pressure. 
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Breaking  stress  ic  the  bottoms,  which  work  under  the  ambient 
pressure,  relies  on  stability. 


For  the  spherical  tcttcas 


IE  (  s  \* 

P'*~7W=&\r)  k9/c“2‘ 


(232) 


For  the  hemispheric  ends 


Pt*  _Ji_  /_LV  kg/cas 

s  +  luE  ) 


(233) 


Here  E  -  modulus  of  elasticity  of  material,  kg/ca2;  p  -  Poisscn 
ratio;  s  -  the  wall  thickness  cf  bottom,  cm;  r  -  the  mean  radius  of 
bottom,  cm;  k^l.5;  k2  =  40  -  for  the  staa  ped/die-f crged  bottoms  from 
the  whole  sheet;  kj=1.1;  k2=20  -  for  the  st aaped/die-forged  bottoms 
from  the  welded  segments;  k1=0.15;  ka=12  -  fcr  the  tapped  bottoms  o 
the  welded  segments;  3i  -  yield  pcint  of  material,  kg/cm2. 


Page  173. 


The  margin  of  the  stability  of  the  tottca 
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whew  p  -  external  overpressure#  kg/cm2. 


Plate  covers/caps,  subjected  to  internal  pressure. 


The  plate  covers/caps,  subjected  to  internal  pressure  (Fig.  72) 
are  designed  froa  the  fcrauxa 


3  P 
'e(*-0*L 


0.18 


<P 


f  1 


,48/Vg-r] 


+  w£rc) 


(234) 


where  a  -  stress/voltage  in  tne  cover/cap,  kg/ca2;  s  -  thickness  of 
cover/cap,  ca;  r  -  radius  of  a  circle  of  bolts,  cm;  C  -  addition,  cm 
P9  -  load  on  all  bolts,  kg;  a  -  distance  from  the  axis/axle  cf 
cover/cap  to  the  line  cf  centers  of  packing,  cm ;  d  -  external  radius 
of  the  flange  of  cover/cap,  cm;  p  -  design  pressure,  kg/cm2;  R  - 
radius  of  the  spherical  sagaent  cf  cover/cap,  cm;  *  -  modulus  of 
resistance  of  weld. 


Allowable  stress  in  the  cover/cap  is  selected  cn  the  basis  of 
the  safety  factors  tc  the  elcrgation;  for  the  liait  cf  strength 
"»ct4,  for  the  yield  pcirt  n1==-it8. 
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Fiq.  72.  On  the  calculation  of  plate  covers/caps. 

Page  174. 

In  the  plate  covers/caps  the  cutouts  in  diameter  tc  50  sc  dc  net 
require  reinforcement  with  tie  condition  of  the  sufficient  clearance 
(not  less  than  s)  between  the  edge  of  cutout  and  weld,  which  connects 
spherical  segment  to  the  flange  c £  cover/cap.  Rcles  whose  diaeeter  is 
more  than  50  mm  are  subject  tc  reinforcement. 

Conical  bottoms,  subjected  to  internal  pressure. 

1.  vessel  is  found  under  internal  pressure  of  vapors'  or  gases, 
flaximum  tensile  stress  alcng  the  generatrix  cf  the  cone: 

~  if'(s—Qc os «  kg/ca2.  (235) 

Maximum  tensile  stress  cn  the  circular  weld  of  the  cone: 
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2.  Vessel  is  filled  with  liquid  to  specific  maximum  altitude. 
Fig.  73  depicts  vessel  with  a  here  of  D,  conical  bottoa  with  a 
height/altitude  of  h2  and  central  cy  angle  2a,  filled  with  liquid  on 
the  height/altitude  of  cylindrical  part,  equal  tc  ht. 

Maximum  tensile  stress  along  the  generatrix  cf  the  cone: 

*»  kg/cm3 .  (237) 

Maximum  tensile  stress  cn  the  circular  weld  cf  the  cone: 

with  hl<h2/3 


p*  _3 _ iD 

32  f'  (j—  Ocosa 


(A,  +  A,) 


kg/ca3 


(238) 


with  ht>h2/3 


iv^CIco.;1^^^  kg/CB*.  (239) 

In  formulas  (235) -(239):  p  -  internal  pressure  in  the  vessel, 
kg/cm2;  D  -  bore  of  vessel,  cm;  s  -  the  wall  thickness  cf  conical 
bottoa  with  the  addition,  ca ;  C  -  addition  tc  the  corrosion,  etc.. 
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cn ;  -  modulus  of  resistance  of  weld  along  the  generatrix  cf  the 

cone;  a "  -  the  modulus  cf  resistance  of  weld  acrcss  the  generatrix  cf 

the  cone;  a  -  halves  central  angle  in  the  degrees;  y  -  the  specific 

gravity/weight  of  liquid,  *g/cni'*;  ht  -  the  naxiaua  altitude  cf  liquid 

in  the  cylindrical  part,  ca;  h2  -  neight/alt itude  of  conical  tcttoa 

cm. 

from  tha  apex/vertex  tc  the  fcass/rcot,  eae 
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Fig.  73.  On  the  calculation  of  conical  bottoms. 
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3.  Vessel  is  filled  tilth  liguid  above  mirror  of  which  occurs 
pressure  of  vapors  or  gases.  In  this  case  the  calculation  is 
conducted  according  to  formulas  (235)  and  (236) ,  only  instead  of  p  in 
them  is  substituted  the  total  pressure  of  liguid  column  and  pressure 
in  the  vessel  (kg/cm2)  . 

6  35.  Calculation  of  flat/plane  walls,  ccvers/caps  and  bottoms. 

Flat/plane  walls  and  ccvers/caps  without  the  reinforcements. 


The  thickness  of  the  rectangular  wall,  attached  on  the  perimeter 


(Fig.  74), 


.-0,53 »|/  +C  "• 


where  p  -  pressure  on  the  wall,  kg/cm2; 


b  -  smaller  side  of 
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rectangle,  an;  Rt  -  allcaaole  stress  on  the  lend,  Icg/ca*,  equal  tc 
j  for  steel  and  j  toe  the  nenferrous  alleys;  here  ’*  -  the  Halt 
of  the  strength  of  material  at  operating  temperature,  Icg/cm*;  a  - 
large  side  of  rectangle,  mm;  C  -  addition,  an. 
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Fig.  74. 


Fig.  75. 


Fig.  74.  On  calculation  of  rectangular  wall. 


Fig.  75.  On  calculation  cf  elliptical  or  oval  wall. 
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The  thickness  of  the  elliptical  or  oval  wall,  attached  cn  the 

perimeter  (Fig.  75) ,  _ 

S=A|/_ - ML -  +C.HM,  (241) 

where  a  -  a  semimajor  axis  cf  ellipse,  os;  b  -  semiminor  axis  of 
ellipse,  mm. 


Remaining  designations  the  same  as  in  formula  (240). 


Thickness  of  circular  flat/plane  covers/caps  and  bottoms  (Fig. 


(76) 


s  =  dY^JL  +  C  cm, 


(242) 
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whirrs  d  -  a  diameter  of  cover/cap  cr  bottom,  cm;  p  -  maximum 
operating  pressure,  kg/cs2;  -  allowable  stress  on  the  bend,  kg/cm2 
[see  formula  (240)];  C  -  aaditicn  to  corrosion,  cm  [see  formula 
(230)  ];  p  -  coefficient,  equal  tc: 

^br  the  covers/caps,  ncialy  connected  cn  the  bolts  or  attached 
to  the  flanges  of  housing  (Pig-  76a),  and  alsc  for  flat/plane 
bottoms,  which  compose  cne  whole  with  the  housing  of  apparatus  (Fig. 
76b)  ...  0.162. 

For  the  plates,  rigidly  artacned  cn  their  cent cur/outline  ... 
0.187. 


For  the  forged  (pulled)  bottoms,  which  compose  one  whole  with 
the  housing  cr  welded  with  it  cutt  (FigS.  76c  End  d)  ...  0.250. 

For  the  covers/caps,  which  undergo  preliminary  bend  from  the 
tightening  of  bolts,  with  the  presence  of  the  sealing  projection  on 
the  covar/cap  or  the  flacga  of  housing  (Fig.  76e)  ...  0.300. 

For  the  covers/caps,  welded  all  over  thickness  to  the  internal 
surface  of  housing  (Fig.  76f) ;  in  this  case  weld  throat  it  must  be 
not  less  than  1. 25  the  thinnest  wall  thicknesses  of  housing  cr  bottom 
...  0.500. 
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Fig.  76.  On  the  calculation  of  the  thicknesses  of  circular  flat/plane 
covers/caps  and  bottcms. 
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Tha  thickness  of  the  ilat/jlare  stamped/die-forged  bottca  with 
the  bent  back  edges,  subjected  to  internal  pressure.  (Fig.  77)  , 

(243) 

where  p  -  great  design  piassura,  Kg/cs2;  »»  -  liait  of  the  strength 
of  material,  kg  /mm2;  d  -  core  cf  bottom,  am;  r,  -  inside  radius  cf 
transfer  arc  from  cylindrical  part  to  the  flat/Flane,  mm.  Value  r, 
must  be  not  less  than  V  1b  d. 


Round  plate  with  tne  ncle  in  the  center,  attached  on  the 
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external  and  internal  ccntours/cutlines  and  subjected  to  bending  by 
the  evenly  distributed  lead. 

Maximum  str ess/ vo ltaga  in  tna  plate: 

/?.«=*!? r  kg/c®2-  (244) 

Greatest  sagging  cf  tne  plate; 

=  (245) 

Here  q  -  intensity  of  lead,  kg/cm2;  rm  -  outside  radius  of  plate,  cm; 
s  -  thickness  of  plate,  cm;  E  -  modulus  cf  elasticity  of  material, 
kg/cm2;  kx  -  dimensionless  voltage  ratio,  it  is  determined  on  Fig. 

78,  in  depending  on  the  ratio  of  an  outside  radius  of  plate  rm  to  a 
radius  of  hole  rm;  k2  -  a  dimensionless  coefficient  cf  the 
sagging/deflection;  it  is  determined  on  Fig.  79  in  depending  on  ratic 
r»  and  V 

Initial  data  for  the  plotting  of  curves  cf  the  dimensiotless 
voltage  ratios  and  sagging  are  the  fundamental  equations  of  the 
theory  of  the  bend  of  plates: 

1)  momenta!  equation  for  the  meridian  cut; 

2)  the  equation  of  tne  angle  cf  the  tangent  inclination  of  the 
°lastic  line; 

3)  the  equation  of  elastic  line  (equation  cf  sagging). 
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Fig.  77.  On  the  calculation  cf  the  flat/plane  stamped/die-forged 
bottoms  with  the  bent  back  edges. 


Page  178. 

Flat/plane  walls,  fastenea  ny  spacing  or  anchor  holts. 

Wall  thickness  during  the  even  distribution  of  the  fastenings 

s  —  CVpif  +  tiij  mm.  (246) 

Wall  thickness  durirg  the  nonuniform  distributicn  of  the 
fastenings 

J  =  0,5C  (dl  +  df)  Vp  mm,  (247) 

where  C  -  the  calculated  coefficient,  taken  on  Table  57;  p  -  great 
design  pressure,  kg/cm2;  a  -  distance  between  spacing  cr  anchor  bolts 
in  one  series/row  (Fig.  80),  am;  b  -  distance  between  the  series/rcws 
of  spacing  or  anchor  belts  (Fig.  6C)  ,  mm;  -  distance  between 

fastenings  (Fig.  81)  ,  mm. 
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Pig.  78.  Value  of  coefficient  at  kt  in  depending  cn  relation  cf  radii 
% 


Key:  (1).  Coefficient  cf  stress/ vcitage.  (2).  Relation. 


Pig.  79.  Value  of  coefficient  ot  k2  in  depending  on  relation  cf  radii 

I'm 

• 

Key:  (1).  Coefficient  cf  sagging/deflection.  (2).  Ratio. 
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Fig.  80. 


Fig.  80.  Evenly  distributed  fastenings. 


Fig.  81.  Unevenly  distributed  iastanings. 
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Formulas  (246)  and  (247)  are  derived  into  the  assumptions  that 
the  walls  made  of  steel  fcave  lint  cf  the  strength  of  material  **=36 
kg  /mm2.  With  accomplishing  of  wails  with  the  large  limit  cf  the 
strength  of  material  their  thickness  must  be  reduced  by  the 
multiplication  of  value  s  on  - 

If  the  temperature  cf  the  aedium,  which  washes  wall,  is  more 
than  230°C,  calculation  is  conducted  taking  irtc  account  the 
temperature. 


Flat/plane  wall 
number  of  transverse 


,  reinforced  by  stiffening  ribs 
and  longitudinal  edges/fins,  a 


(Fig.  82)  . 
nd  also  their 
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size/dimension  and  prof rle/airfcil  are  selected  from  the  conditions 
cf  allowable  stresses  in  the  aaterial  of  wall  and  edges/fins.  Usually 
as  the  edges/fins  are  considered  argle  plates. 

Calculation  is  conducted  according  to  the  greatest  side  cf 
flat/plane  wall. 

Let  us  introduce  the  following  designations:  p  -  design  pressure 

cn  the  wall,  kg  /cm2',  a  -  lares  side  of  the  rectangle  of  wall, 

included  between  the  edges/fins,  cm;  b  -  smaller  side  of  the  same 

rectangle  of  wall,  cm;  h  -  height  cf  edge/fin,  cs;  %  -  length  of 

edge/fin  along  the  greatest  side  of  wall,  cm;  B  -  width  of  band, 

equal  to  side  of  rectangle,  arranged/located  alcng  the  length  of 
cm. 


edge/fin  1, 
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Table  57.  Values  coefficient  C. 


- 

3HaieHM  C 

yc-iOBim  pafloTH  rMOCKHX  CTeHox 

0,017 

OMUBaeuMX  ropHnoiii  r33avm  it  Bo/ioii  cTenox,  b  ko- 
Topwe  BoepiHBaiorca  Ha  peabfia  pacnopnue  ii.itt  anKepHhia 
6o.it  u  h  pacx.icnbiBaiOTca 

0,015 

T3KHX  M2  CTdlOK,  HO  IIC  OMMBaeMhiX  rOpHqilMH  ra33MH 

0,0155 

(S^ZUa  ouusaeMbix  rop»qn\in  raaaviH  it  Boaoii  CTenoK,  b  ho- 
ropue  BBepruBaioTCB  iia  pcibdc  pacnopnue  nan  aiiKepnue 
(SOUTH  c  HapyxcnuMH  raMKami  h.ih  tohciiumh  roaosKa mh  . 

0,0135 

(Dilxii  t3khx  ate  ctchok,  no  lie  OMMBacuux  ropaMH.MH  raaawH 

0,014 

(b)/La«  creitoK,  CKpcnacimwx  TO.ibKO  aHitcpuusoi  rpyOKawH 

0,015 

HiJLxx  iicoMhiaaeMux  ropqqiiMH  raaa.nii  ctchok,  hmooilihx 
XHKepu,  cuafiaceHHbic  raflKawii  h  cKpenaaioiuHVH  iuaii0a.Mii,  npn 
stow  AHawerp  napywiioft  CKpenamouieft  maiiSu  pascu  -  5  pac- 
ctohhhh  ueacay  aHKepawH  h  Toatunna  waiiGu  paBHa  2,j  to.iwhhu 

CTCHKH 

0,012 

Q)Hiia  tbkhx  *e  ctchok,  ho  AHaweTp  HapywnoS  CKpenamomcft 
tuaiiGbi  pa aeit  *'t  paccTOUHM*  ucauy  aiiKepauH  h  TO.nuiina 
uiaH6u  paBiia  */n  Taaiuwibi  ctchok 

0.011 

HyX-ia  tbkhx  we  ctciiok,  ho  AHaxcTp  iiapywHofi  CKpcnamomefl 
luaiiGu  pascu  «/*  paccTomma  ncway  aiiKcpnMH  n  luaiiGoii, 
Toammia  KOTopoit  paon.i  tojiuhhc  ctciikh  h  xOTopaa  npnx.ic- 

lUM  K  3TOH  CTCHKC 

Key:  (1).  Values.  (2).  Hcrking  conditions  of  flat  walls.  (3).  Por 
washed  by  hot  gases  and  water  walls,  intc  which  are  screwed  in  on 
thread  spacing  or  anchor  celts  and  are  unriveted.  (4).  For  the  sane 
walls,  but  not  washed  by  not  gases.  (5).  For  washed  by  hot  gases  and 
water  walls,  intc  which  are  screwed  in  cr  thread  spacing  either 
anchor  bolts  with  external  nets  cr  exact  heads.  (6) .  For  walls, 
fastened  only  by  stay  tubas.  (?) .  for  walls  urreached  by  hot  gases, 
which  have  anchors,  equipped  with  ruts  and  fastening  washers,  in  this 
case  dianeter  of  external  fastening  washer  is  egual  tc  2/5  distances 
between  anchors  and  thickness  cf  washer  is  equal  to  2/3  wall 
thicknesses.  (8).  For  the  sane  walls,  but  diaseter  cf  external 
fastening  washer  is  equal  tc  i/5  distances  between  anchors  and 


"3 
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thickness  of  washer  is  equal  to  5/6  wall  thicknesses.  (9) .  Per  the 
sane  walls,  but  diameter  cf  external  fastening  washer  is  equal  to  4/5 
distances  between  anchors  and  washer  whose  thickness  is  equal  wall 
thickness  and  which  is  riveted  to  this  wall. 

Page  180. 

Fx  -  cross-sectional  area  cf  edge/fin,  c«2;  XjXt  -  centrcidal 
axis  of  the  section/cut  cf  the  edge/fin;  X2X2  -  centroidal  axis  cf 
the  section/cut  of  the  hand  cf  the  flat/Flane  wall;  XX  -  centroidal 
axis  of  section  of  band  and  edge/fin;  00  -  axis/axle  cf  the  tase/rcot 
cf  the  band;  -  seccnd  acaent  Cf  area  of  edge/fin  relative  to 
axis/axle  XxXt,  cm*;  it  is  determined  from  the  tables  for  the 
Frofi le/a irfoil  accepted  and  tne  size/di aensicn  of  the  edge/fin;  Z0  - 
distance  of  the  apax/vertax  of  edge/fin  frci  axis/axle  XxXlr  cm;  s  - 
thickness  of  rectangular  wall,  included  between  the  stiffening  ribs, 
it  is  determined  by  ferxula  (240),  cm; 

Y i  -  distance  of  axis/axle  Xxxx  from  axis/axle  00 

K,  =*  h  +  a  —  Z,  cm; 

Y 2  -  distance  of  axis/axle  X2x2  from  axis/axle  00 

J'j  =  0,55  cm; 

?2  -  cross-sectional  area  cf  the  bard 

Ft  --  Bs  cm; 


I 
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Z  -  distance  of  the  neutral  axis/axle  XX  frcn  axis/axle  00 

Ftrt  +  F,y,^. 

z= — K+FT  cm' 

at  -  distance  between  centers  XtXj  and  XX 

at  •*  —  Z  cm-, 

a2  -  distance  between  cetters  X2X2  and  XX 

a,  =  Z  —  K,  c.k; 

Y3  -  distance  of  the  outericst  filaaent  frca  axis/axle  XX 

yt=»s  +  h  —  Z  cm. 


Fig.  82.  On  the  calculation  of  the  flat/plane  wall,  reinforced  by 
stiffening  ribs. 

Key:  (1)  .  on. 
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Load,  which  effects  on  tae  eage/fin  and  the  band, 

Q^lBp  kg.  (248) 

Greatest  bending  actant,  which  effects  or  the  edge/fin  and  the 

band. 


Af  —  5i  kg»ca. 


(249) 


Second  moment  of  area  cf  rand  relative  tc  axis/axle  X2X2 
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Second  moment  of  area  cf  eoge/fin  relative  to  axis/axle  XX 

/,  «=  IXi  +  a]  Ft  cm*.  (251 ) 

Second  moment  of  area  cf  band  relative  tc  axis/axle  XX 

(252) 

Total  moment  of  the  inertia  of  edge/fin  and  hand  relative  to 
axis/axle  XX 

/  =  /,  +  /,  cm*.  (253) 

Stress/voltage,  whicn  appears  in  the  adge/fin  from  the  action  cf 
moment/torque  M, 

kg/cm*.  *  (254) 

Stress/voltage,  which  appears  in  the  band  from  the  action  of 
mcment/torque  n, 

kg/cm2.  (255) 

Walls  and  reinforcements  of  rectangular  vessels. 

During  determining  cf  the  dimensions  of  rectangular  vessels  they 
use  predominantly  the  relaticnahips/ratics 

B-W;  H=TB> 
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where  B  - 

The 


where  y  - 
cf  liquid 


the  width;  L  -  length;  H  -  height/altitude;  7  -  volume. 

pressure  of  liquid  cc  the  wall  cf  the  vessel 

p  =  0,85'lH  kg /cm2  (256) 

the  specific  gravity/ weight  cf  liquid,  kg/cm3;  H  -  height 
col  umn ,  cm. 
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The  wall  thickness  or  the  vessel: 


=  1/  W'H*  ~  .  r  c m 
V  8/?*  (H2  +  L*)  +  ° 


(257) 


where  L  -  length  of  wall,  or  distance  between  upright  struts,  cm; 

H  -  height/altitude  of  wall,  cr  distance  between  horizontal 
stiffeners,  cm; 

Rt  —  allowable  stress  cn  tne  bend,  kg/cm2; 

C  -  addition  to  the  corrosion,  see 


The  moment  of  resistance  of  tne  upright  strut: 


W  —  CM  * 

16/?,  ’ 


(258) 


where  y  -  th*  specific  gravity/ weight  of  liguid,  kg/cm3; 


L 


distance  between  struts,  cm; 
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H  -  height  of  vertical  wall,  cn; 


allowable  stress  ca  me  bend  of  the  material  of  strut. 


kg/cm2. 


At  the  calculated  moment  of  resistance  is  selected  the 
corresponding  section/cut  of  strut. 


Length  of  horizontal  stifrener  or  distance  between 
connections/communicat icns,  waicn  fasten  horizontal  stiffeners,  in 
the  presence  of  one  series/row  cf  Horizontal  reinforcements  cn  the 


height/altitude : 


Length  of  lower  horizontal  stiffener  or  distance  between 
connections/communicat icns,  waicn  fasten  lower  horizontal  stiffener, 
in  the  presence  of  two  serias/rcws  of  horizontal  reinforcements  on 
the  height/altitude: 


L  ,  =  4,/ _ *»£ _ 

V  T(//-*  +  *s.J  (*,  +  *.) 


Length  of  upper  horizontal  stiffener  or  distance  between 
connections/communicat icns,  waicn  rasten  upper  stiffener,  in  the 
presence  of  two  series/rcws  of  cccizontal  reinforcements  on  the 


he igh  t/al titude : 


i, - *  i/Ef  «. 

ff  *\  +  >h  f  T 


vm  i  mm  i 
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Here  a  -  moment  of  resistance  of  Horizontal  reinforcements,  cm3; 

ht  -  distance  from  tae  oottoia  to  the  lcwer  horizontal 
elc-ment/cell,  cm; 

h2  -  distance  from  tne  bottom  to  the  upper  horizontal 
elemant/cell,  cm; 

/?„T  and  H  -  the  same  as  in  formula  (258). 

The  distance  between  tha  ceams/gullies  under  the  bottom  of  th 
vessel : 

/-  1,2545  cm,  (262) 

wherQ  s  -  the  wall  thicJcnass  of  nottom  without  additive  C,  cm; 

/?*,!  and  H  -  the  same  as  in  rcrmula  (258)  . 
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During  the  calculation  or  tn«  thicknesses  of  walls  and  bottom  of 
welded  rectangular  vessel  the  modulus  of  resistance  of  weld  *  it  is 
possible  net  to  consider  under  the  condition  for  the  arrangement  of 
weld  at  a  distance  of  1/4  rlignt/span  between  the  struts  or  the 
beams/gullies  where  the  fcendinj  moment  has  minimum  absolute  value. 

Eectangular  chambers/cameras,  subjected  to  internal  pressure. 

The  thickness  of  wall  s  ct  rectangular  chamber /camera  is 
d^ter mined  on  the  stresses/vcltages,  which  appear  in  the  angle  of 
chamber /earner a,  and  on  the  stresses/vcltages,  which  appear  in  the 
most  weakened  section/cut  of  wall  (Fig.  83)  . 

for  the  first  case 

*  “-db?  VH*  +  p + 

(263) 

For  the  second  case 

as==-2s5*7  +  Vir*Tm  **•  (264>^ 
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Fig.  33.  On  the  calculation  o;  rectangular  chambers/cameras. 


Page  134. 


Here  p  -  design  pressure  or  medi.ua,  Icg/ci2 ; 

S  -  allowable  stress,  Kg/c«2  (it  is  accepted  on~tables  56); 

conditional  bending  moment  in  the  angle  of  chambar/camera 
(r-ferred  to  the  unit  ci  length  and  to  the  pressure  100  kg/cm2)  , 
determined  according  tc  tae  formula 

Af  — a  J_  m*  +  P  uj.1. 

3  m  -t  l  MM  ’ 


Mb—  t-tie  conditional  oanding  moment  in  any  place  of  the 
designed  side  of  chambar/camera  (referred  to  the  unit  of  length  and 
to  the  pressure  100  kg/cm2) ,  determined  according  to  the  forauia 


I  nfiArP 
3  ffi  *|* 


MM*. 


m  -  half-width  in  tee  iign t/wcrld  of  the  designed  side  cf 


DOC  =  80040210 


PAGE  <//0 


ch  amber  /earner  a  ,  mm; 

/  — '  half -width  in  tn.s  iignt/world  of  the  side,  perpendicular  to 
that  designed,  mm; 

a  -  small  distance  from  tne  internal  surface  of  side  wall  to  th 
axis/axle  of  weakening  (noie  or  ward),  mm; 

0  -  coefficient  of  strength  of  weld,  it  is  accepted  on  tables 
50; 


0i 


where  t 


d 


coefficient  cf  weakening  bore  surface,  equal  to 


pitch  of  holes,  mm; 


diameter  of  holes,  mm. 


836.  Calculation  of  the  unf ascened/unstrengthened  and 
fastened/strengthened  boles. 


TJnf astened/unstrengt hened  holes. 

Unf astened/unstrengtnenea  are  considered;  a)  hole  under  the 
rolling-out  and  the  thread;  o)  nole  packed  with  access  or  ether 
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gates;  c)  the  hol«s,  intended  for  the  connection  of  tubes,  branches, 
bushings  and  the  like  cn  the  victuals,  if  the  ccnstruction/d esign  of 
welds  does  not  provide  the  joint  operation  of  the  welded 
elements/cells  with  the  vessel. 

The  permissible  greatest  diameter  of  unfastened/unstrengthened 
holes  d*  will  be  determined  according  tc  the  formula 

1-8..  VTs  (l-k)MM,  (265) 

where  Dt—  bore  of  housing,  mu; 

s  -  the  wall  thickness  of  bousing,  am; 

k  -  real  modulus  cf  resistaace  of  vessel,  determined  in  the 
formula 

k-Vm,lp)s<  0.99. 

where  p  -  design  pressure  in  tna  housing,  kg/cm2; 

Rt—  permissible  tensile  stress,-  kgf/amz. 

Page  185. 


In  all  cases  the  greatest  diameter  cf  the 
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unfastened/unstrengtherad  nole  iuit  not  exceed 

d„  <  0,60,  h  </„  <  200  mm. 

Key :  ( 1)  .  and . 

For  the  elongated  holes  value  dm  must  be  replaced  by  the  length 
of  the  large  axis/axle  cr  oval. 

In  the  presence  in  vassal  cr  the  un fastened/unsrrangthened  holes 
the  hydraulic  test  must  be  prcuucea  under  the  pressure,  which  does 
not  exceed  1.5d,  otherwise  of  nola  preliminarily  they  must  be 
fast e n ed/strengt hens d. 

Fastened/strengthened  holes. 

The  sizss/dimensicns  cf  tne  rain  for  cements  of  holes  usually  are 
selected  from  the  following  relaticnships/ratios: 

D  >  2d;  b>2s;  *<2,5slf 

where  D  -  an  outside  diameter  of  fastening  ring,  cm; 

d  -  bore  of  fastening  ring,  cm; 


b=0.5  (D-d)  -  the  width  cf  tne  rastening  ring,  cm; 
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s  -  thickness  of  tne  fastening  ring,  cm; 

st  -  the  wall  thicxnass  of  housing,  s-e-e-  <2-/77 

The  outside  diameter  of  tne  rastening  ring  is  determined  by  the 
formula: 

o, c,),_  +  dcM,  (26S) 

where  dt  -  a  diameter  oi  nole  in  nousing,  ca; 

C  -  addition  to  corrosion,  ca; 

Cx  -  structural/desi ga  or  production  addition,  cm; 

*  -  modulus  of  resistance  cl  weld. 

1.  If  reinforcement  or  hole  is  fastened  to  rivets,  then  diameter 
of  reinforcing  ring,  determined  according  to  formula  (266) „  must  be 
increased  to  a*,  where  n  -  number  of  holes  under  rivets,  intersected 
by  critical  section/cut  of  reinforcement,  and  6  -  diameter  of  rivet 
holes,  cm. 

2.  If  housing  of  apparatus  is  carried  out  unwelded  or  if  with 
welded  housing  weld  intersects  cy  nole,  then  in  this  case  into 
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formula  (266)  is  substituted  modulus  of  resistance  cf  weld  #*1. 

3.  If  to  small  hole  is  connected  thick-walled  branch  connection 
without  fastening  finger/pia,  then  satisfactoriness  of  reinforcement, 
imparted  by  branch  connection  tc  ncle,  can  be  checked  according  to 
formula  (266),  in  this  case  instead  of  size/dimensicn  of  d,  is 
substituted  bore  of  braccn  connection  and  for  size/dimension  cf 

sx  -  height/a ltitud a  cf  trancn  connection,  equal  to  2.5  (s,-C) ,  cm. 


Page  186. 

4.  If  hole  has  not  circular,  but  elliptical  or  rectangular  form, 
then  instead  of  diameter  of  hols  dx  into  formula  (266)  is  substituted 
its  greatest  size/dimension  (wica  axception  cf  case,  presented  in  p. 
5)  and  respectively  is  determined  greatest  outside  dimension  cf 
reinforcement  of  hole. 

5.  If  on  cylindrical  housing  is  arranged/located  alliptical  or 
rectangular  hole  whose  major  axis  perpendicular  to  axis/axle  of 
cylinder  (Pig.  84),  then  instead  of  maximum  size  of  hole  is 
substituted  either  its  widtn  o  cr  naif  length  //2,  in  depending  on 
that  which  of  values  is  more. 


§37.  Calculation  of  the  rivated  seams 
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The  diameter  of  rivets  is  determined  on  the  empirical  formulas 
for  the  single-sheet  welds  (overlapping  or  with  one  cover  plate) : 

d  =  yEs  -  0,4  cm,  K267) 

where  s  -  a  thickness  or  sheets,  see 

Spacing  of  the  rivets: 

1)  for  the  single-row  wela  (Fig.  85a) 

f  =  24  +  0,8  cm; 

2)  for  the  double-row  weld  with  bussing  arrangement  of  rivets 
(Fig.  85b) 

t—2,6d+  1,0  cm; 

3)  for  the  double-rcw  weiu  with  the  staggered  arrangement  of 
rivets  (Fig.  35c) 

f  =  2,64  +  1,5  cm. 

Distance  from  the  edge  or  saeet  to  the  center  of  the  rivet: 

a  =  l,54~*-l,64  cm. 

Distance  between  tne  rows  of  rivats  with  their  bussing 
arrangement: 

=  0,8f  cm. 

Distance  between  the  rows  cf  rivets  with  their  staggered 
arrangement: 

ja,  — 0,6f  cm. 

Coefficient  of  weakening  tne  sheets: 


{ 

1 


? 
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Fig.  34.  On  the  calculation  or  tne  reinforcements  of  holes. 
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The  force,  which  falls  cn  1  ca  of  weld  length: 

kz!cm,  (268) 

Key :  ( 1)  .  the  kg/cm 


where  p0  -  high  design  pressure  in  the  housing,  kg/cm2; 


D  -  bore  of  housing,  ca. 


The  permissible  fcrca  P  aust  rot  exceed: 


for  the  single- row  wards  *g/ca  P<500 


£br  the  double-row  welds  wxtn  the  staggered  arrangement  of 
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rivats  P=390-950 

For  the  doable-row  welas  with  bussing  arrangement  of  rivets 
F-390- 1000. 


Specific  sliding  resistance: 


*  —  U.7KW*  KZ  CM%‘ 


Key:  (1).  kg/cm2. 


(269) 


Permissible  specific  sliding  resistance  for  single-row  welds 


k«700  kg/cm* 
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Fig.  85.  On  the  calculation  or  toe  riveted  seams. 
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$38.  Calculation  of  tubes. 


The  wall  thickness  cf  the  tube 

s-l£r  +  Cc*>  (270) 


where  p  -  maximum  operating  pressure,  kg/cm* 
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d  -  bore  of  tube#  cm; 

3*—  limit  of  the  strength  of  the  material  of  tube,  kg/cm2; 

<t>  -  modulus  of  resistance  of  weld; 

C  -  addition  *o  the  ovality,  the  corrosion,  etc.; 

n  -  safety  factor,  ejual  tc: 

r  the  liquids. .......  4.5. 

P or  va po r. ,  5.6. 

For  superheated  steam.....  7,1. 

Tubes  in  wall  thicKnass-  of  less  than  1  m  for  the  'shipboard  heat 
exchangers  are  not  applied. 

Thicknesses  and  outside  disasters  of  tubes  are  accepted  cn  the 
standards  in  the  dependence  cn  the  internal  diameters  and  the 
Fressur as. 

The  recommended  tunes  for  tae  heat  exchangers  are  shown  in  Table 


*sMu 


ulVl»l— ■!*• 


1 
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The  passes  of  branch  connections,  welds,  branches  and  the  like 
for  the  connection  of  tubas  to  the  apparatuses  taka  as  the  equal  tc 
the  internal  diameters  fcr  the  fittings,  the  fittings  and  the 
conduits/mani folds  (according  tc  GOST  355-53,  Table  59) whose  strength 
must  be  selected  in  depending  on  conditional  pressures  according  to 
GOST  356-52. 
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Table  53.  Recommended  tubes  for  tae  heat  exchangers. 


HajMa'iciiiie  rpyOox  |r , ^ 

AiiaoeTpu, 

“  ft) 

k"”73) 

roex 

„  G> 

iLia  noaorpcsarciieH  Ton.iHBa 

17/13 

Craab^ 

301-30 

•1.1  a  kO.’.'atHUTOpOB  II  0X.13- 

16/14 

1  Me.ibXHOp< 

2:03-43 

.iMTe.ieii  bojm(  6) 

16'  1 3 

/  JlaryHb^J 

494—52 

J.i n  M3c.ioox.ia3iiTe.ieH  8 

10/8 

16/14 

\  Me/lbXIlOO® 
>  /laiyHb(5) 

2203-43 

494-52 

JLm  noaprpeoare.icM  ooju  h 
mc.ia  f  /*) 

10  8 

16/14 

J  TlatyHb© 

494—52 

3.m  iicn.ipnre.ieH  (l /) 

3.1  h  noi.iyxoiiarpenaTe.ieS^^ 

16/13 

36/32 

Meat (~J3) 

617-53 

10/8 

7IaT)’Hb(^ 

494-52 

3.i«  b.. uyxoox.iaaHTeacfl(Js) 

10/8 

Meabxnop(?) 

2203—13 

yt.ni  6ijiooij.x  ami.iparoB  11 
UIICTCpil  C  110.101  |>C BOM  f\  if) 

16/13 

Me.ih  (jt) 

617—31 

3.m  iMceiiiiKoa  uoaorpena 
Mac.ia  11  Toiuiiua  ( iS) 

26/20 

Meaw  0 

Meab 

617  "3 

J.m  ManoMeTpos  (/(.) 

96 

oir- 

K=»y:  (1).  Dssignation/p urpose  or  rubes.  (2).  Diameters,  mm.  (3). 
Material.  (4).  For  fuel  hearers.  (5).  Steel.  (6).  or 

capacitors/condensers  ana  coclanrs  of  water.  (7).  German  silver.  (8). 
For  oil  coolers.  (9)  .  Brass.  (1C).  For  preheaters  of  water  and  oil. 
(11).  For  vapor! zers/e vaporatcrs .  (12).  For  air  heaters.  (13).  For 

air  coolers.  (14).  For  everyday  apparatuses  and  cisterns  with 
preheating.  (15)  .  For  ceils  cf  preheating  oil  and  fuel/propellant.  * 
(16).  For  manometers. 
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For  the  fittings  and  one  connecting  piaces  of  the 
conduits/manif olds,  manu taco urea  irem  steel,  pressure  conditional, 
workers  and  test  are  given  in  ladle  60,  and  from  the  nonferreus 
metals  -  in  Table  61. 


DOC  =  80040210 


E  AGE 


■(able  61.  Passes  conditional  rot  the  reinf orceaent,  the  fittings  and 

the  cor.1  uits/manif olds  GC3I  355-5,*  with  the  limitation  on  a 

fi 

VT5-C1-1 158-52. 


ibUMCTpU  yC.IOMIHX  npOXOJOB,  MM 

Co 

3 

20 

50 

100 

coo 

300 

400 

700 

6 

25 

60 

125 

(225) 

(325) 

450 

hOO 

10 

32 

70 

ISO 

250 

350 

500 

900 

IS 

40 

80 

175 

(275) 

(375) 

600 

1000 

Note.  The  values  of  the  internal  diameters,  included  in  the  brackets, 
it  is  permitted  to  apply  cniy  in  the  excepticral  cases  for  the  steam 
line. 

K^y:  (1).  Diameters  of  internal  diameters,  mm. 


Tabl^  60.  Pressures  for  xn«  reinforcement  and  the  connecting  pieces 
of  the  conduits/raani fo las  made  cf  the  carbon  steel  {according  to  GOST 
356-52)  . 
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Testing  the  wall  tarckness  or  tube  to  the  thinning  with  the  bend 
with  a  radius  of  is  lass  3,5^, 

**-s--5 '  (270 

where  st  -  the  wall  thickness  or  tube  after  bend,  mm; 


s  - 


the  wall  thickness  or  tube  to  bend,  mm 


m 
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d9  —  outside  diameter  or  tune,  am; 

r  -  bending  radius  cf  tube,  bo. 

Testing  tube  to  the  nend.  The  bending  deflection  of  the  tube 

CM‘  (27?) 

where  G  -  weight  of  tube  with  liquid,  kg; 

l—  distance  between  supports  (diaphragas,  tube  plates) ,  c»; 
is  accepted  not  more  than  1.5  a; 

2  -  modulus  of  elasticity  c i  the  material  cf  tube,  kg/cm2; 

I  -  the  moment  of  the  inertia  of  tube,  cm4: 

where  d„  —  outside  diameter  of  tube,  cm; 

d.- 


bore  of  tube,  s<e- 
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Table  61.  Pressures  for  rite  reinforcement  and  the  connecting  pieces 
of  the  conduits/mani folds  irca  the  bronze,  brass  and  copper. 


1  AaBJfHHff,  KZfCM 9  C O 

Jlaa«HH*  pa6om<e  HanCoabuiHe  npn/;u 
Tewneparypax  epeaw  b  °C,  «/«.**(  i 7 

ycaoniibie 

*  r» 

npotiHbie  (Rojioft 
npH  reunepaiype 
HHKie  loO^j)  Pnp 

,  ao  120 

(*f  Pn 

200 

Pa 

250 

P.% 

i 

2 

, 

l 

0,7 

2.5 

4 

2.5 

2 

1.7 

4 

6 

4 

3.2 

2.7 

6 

9 

6 

5 

4 

10 

15 

10 

8 

7 

16 

24 

16 

13  • 

11 

25 

38 

25 

20 

17 

40 

60  • 

40 

32 

27 

64 

96 

64 

_ 

_ 

100 

150 

100 

_ 

160 

240 

160 

_ 

_ 

200 

300 

200 

. 

250 

350 

250 

— 

— 

Key:  (1).  Pressures,  kg/ca2.  (2).  conditional.  (3).  test  (by  water  at 
temperature  lcwer  than  100°C)  .  (4).  Pressures  working  greatest  at 

temperatures  m«»dia  in  °0,  *g/ca2.  (5)  .  tc. 


Page  191. 


Maximum  permissible  oenainc  deflection  cf  tube  2  witfr  mm. 
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Number  of  free  oscillation s/vibraticns  of  the  tube: 

* — i ]/-J  xoAlcen, (273) 

Key:  (1)  .  osc./s. 

wher^  y0  -  a  maximum  benaing  deflection  of  tuts,  cm;  g=981  cm/s2  - 
acceleration  of  gravity. 

Test  hydraulic  pressure  of  rha  heating  and  cooling  tubes  of 
apparatuses  and  quite  heat  exchangers  is  designated  according  to  GOST 
2029-52. 

539.  Calculation  of  bolts  and  pans. 

Complete  e? fort/f crce,  wnich  effects  on  all  bolts  from  the 
internal  pxessure  of  meaaum, 

Q=pF  K2‘0  (274) 

cf  Key:  (1).  kg. 

where  p  -  the  design  pressure  of  medium,  kg/cx*; 

X 

P  -  area,  limited  ty  tne  centerline  of  packing,  cm/*. 


Calculated  effort  for  one  todt  with  ths  arrangement  of  belts  in 
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tha  circumference  (Pig.  8b)  : 

P.=-^-  kz.  (275) 

Kay:  (1).  kg. 

Calculated  effort/iccce  to  tn«  most  loaded  bolt  during  the 
arrangement  of  bolts  on  tae  ellipse  or  rectangle  with  the  relation  cf 
the  sides  of  rectangle  a/o<1.5  (Pig.  87)  : 

P.-J %r  #*•  (276) 

Key:  (1) .  kg. 

Page  192. 

Calculated  effort  fez  on<*  coir  during  the  arrangement  of  bolts 
on  rectangle  with  the  relation  or  its  sides  a/b^-1.5: 

P*  =  kptr  kz,  (277) 

Key:  (1)  .  kg. 

where  k  -  the  coefficient  of  the  tightening  cf  bolt,  which  ensures 
the  density  of  connection  wita  tae  compression  of  the  packing; 
k=1. 8-2.0  at  temperature  or  meaium  is  less  than  300°C;  k=2.0-2.5  at 
temperature  of  medium  is  lass  than  300°C;  k=2.0-2.5  at  temperature  of 
medium  is  more  than  30C°C; 
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z  -  number  of  belts 


where  0  -  a  perimeter  cr  me  line  cf  the  arrangement  of  bolts,  cm: 

for  the  circumference 

U  = 

for  the  rectangle 

U-iia'  +  V); 

for  the  ellipsa 

(<*»  +  $*); 

c ) 

t  -  distance  (space)  between  the  bolts,  cm,  taken  t=  (3.  5-4^)  d0  - 
for  oils;  t* (4.0-5. 0) d 0  -  for  tne  vapor,  the  water,  the  air,  the 
fuel/propellant; 

a  -  large  side  of  rectangle  (semi-axis  of  ellipse)  between  the 
centerlines  of  packing,  cm; 

a'  -  the  same  between  the  centerlines  cf  the  arrangement  of 
bolts,  cm; 

b  -  smaller  side  cf  rectangle  (semi-axis  of  ellipse)  between  the 


axial  lines  of  packing,  cm; 
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b'  -  tha  same  between  the  centerlines  cf  the  arrangement  of 
bolts,  cm; 

Da—  diameter  of  a  circle  ci  the  arrangement  of  bolts,  cm; 

r  -  small  distance  from  tne  center  cf  surface  to  the  axis/axle 
cf  packing,  cm; 

d0  -  nominal  diameter  of  the  holt 

d% = i,i3  + °*s  «*.  (278) 

vih are  limit  cf  we  strength  of  the  material  of  bolts, 

kg/cm* ; 

n  -  safety  factor,  taxen: 

For  the  precisely  executed  oclts  and  the  bearing  surfaces  and 
the  soft  jointing  material,  ana  also  for  the  cases  when  it  is  known 

that  the  material  of  belts  satisfies  the  technical  specifications 

. .  5 

For  the  w»ll  machined  celts  and  the  surfaces  and  the  soft 


jointing  material 


6.5 
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for  the  bolts,  not  not  caaj.letely  which  do  not  satisfy  the 
conditions,  presented  wita  .  8 


t 


DOC  =  80040210 


PAGE  2- 


circumference. 


Pig.  87.  on  calculation  cf  belts,  arranged/locatad  in  ellipse  or 
rectangle. 

Page  191. 

Stress/voltage  in  the  stream  of  the  bolt: 

R,  *  1 ,27  (279) 

*1 

Key:  (1)  .  kg/crn2. 

C.rrt 

where  <*,—  diameter  of  tclt  cn  the  female  thread,  se-e 
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The  permissible  lcaas  ana  stresses/voltages  for  the  sealing 
bolts  with  the  metric  tnriad  (wathout  taking  into  account  the 
coefficient  of  the  tightening  of  bolts)  are  given  in  Table  62. 
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Table  62.  P^r aissibl-1  leads  ana  stresses/voltages  for  the  scaling 
bolts  with  the  metric  thread. 


dHJMeip 

<5ojira, 

d9Cn 

ilonycKaeMan  narpyjica 
b  kz  npH  n,  pa  whom  (l) 

HonycKaewoe  nanp«*enne 
b  KtjcM1  npti  n,  paBHO »($) 

5 

6,5 

8 

5  1 

8.5  | 

8 

M  8 

12 

9 

6 

37 

29 

20 

M10 

58 

46 

31 

114 

90 

60 

MI2 

140 

110 

74 

188 

148 

99 

MI4 

256 

202 

135 

251 

198 

133 

M16 

441 

319 

233 

313 

226 

165 

Ml  8 

595 

470 

314 

348 

275  . 

184 

M20 

863  . 

682 

457 

391 

309 

207 

M22 

1182 

934 

625 

428 

338 

226 

M24 

1425 

1126 

754 

449 

355 

238 

M27 

2048 

1618 

1083 

489 

386 

2-58 

M30 

2615 

2088 

1383 

514 

406 

272 

M36 

4162. 

3288 

2201 

358 

441 

295 

iM42‘ 

6067 

4793 

3209 

591 

467 

313 

M48 

8329 

6581 

4405 

616 

486 

326 

Notes:  1.  Tabl?  is  given  for  tne  Dclts  from  the  common  bolt  material 
St. 4  and  Steal  20.  with  tne  use  cf  cth°r  materials  the  permissible 
loads  and  stresses/voltages  for  tee  bolts  must  be  changed  with 
respect  to  a  change  in  the  units  of  the  strength  of  materials. 


2.  with  increase  in  temperature  allowable  stress  in  bolts  and 
pins  must  descend  in  acccraancs  with  incidence/drop  in  limit  cf 
strength  cf  material. 


3.  Sealing  bolts  in  iiaaeter  less  than  12  mm  for  shipboard 
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apparatuses  are  not  applied. 

4.  Upon  consideration  cr  icxc«  of  tightening  of  bolts 
p- rmissib la  loads  and  str asses/ voltages,  indicated  in  table,  must  be 
increased  to  coefficient  or  tightening  of  belts  accepted. 

Key:  (1).  Diameter  of  belt  a0.  (2).  Permissible  load  in  kg  with  n, 

equal.  (3).  Allowable  stress  in  &g/cm2  with  n,  equal. 

Pag°  104. 


Calculation  of  the  lillet/sboulder  cf  pit  (Pig.  83) 


thickness  of  the  f lllet/snc uiuer  of  the  pin 


S—  CM- 


Key:  (1) .  cm. 


(280) 


Diameter  of  the  f illet/snculder  of  the  pin 


d6~Y dl+'-^  cm,  (281) 
Ke  y :  ( 1)  .  cm . 


of  uniform  strength  conditions  of  fillet/shoulder  and  pin  the 
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siz^s/dimensions  of  fillet/shculdar  must  not  t«  less 


8  ^  -y  ;  dj  >  1 ,4 dt. 


Here  /?cp  —  allowable  stress  in  tne  fillet/shoulder  on  the 
shear /section ,  kg/cm2,  are  accepted  Rep  —  0.6  R,; 


R„—  allowable  stress  in  tne  f illet/shculder  on  the  warping, 
kg/cm2;  it  is  received  Rem  *  1.8  R.; 


permissible  tensile  stress,  kg/ci»2. 


Remaining  designatiens  tne  sane  as  in  ths  calculation  of  bolts. 


The  minimum  distances  between  the  belts  for  the  unscrewing  of 
nuts  normal  flat/plane  epen-ena  wrenches  ar=  given  in  Table  63. 


®40.  Calculation  of  flanges. 


Thickness  of  the  circular  cast  flange  (Fig.  89) 


3  V  -iDjRik- 
Ke  y  :  ( 1)  .  ca. 


+  C  CM. 


-•  ,--v 


DOC  =  80040210  F AGE  i/07 


Fig.  88.  On  the  calculation  cr  tae  f illet/shoulder  cf  pin. 


Tabl-t  61.  Minimum  distanced  between  the  holts. 


The  designations:  d0  -  nominal  diaaat°r  of  belt,  mm; 

tj  -  distance  between  centers  during  the  r emoval/taking  of  the 
kpy/vrcnch  upward,  aim; 

t*  -  distance  between  centers  of  bolts  during  the  removal/taking 
cf  k^y/wrench  to  tha  side,  so; 


c  - 


distance  from  axis/axie  of  bolt  to  the  wall,  mm 
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Pag*?  195. 

Thickness  of  circular  welded  flangs  (Fig.  90) 

+  1'2  CM-  (283) 

Key:  ( 1)  .  cm. 

Formula  (283)  should  ne  dtflicd  only  fcr  mean  pressures  and 
diameters,  for  other  cases  it  is  necessary  tc  use  formula  (282). 

Thickness  of  the  rectangular  (Fig.  91)  cr  cval  flange 

*-F^5*+C«.  (*♦> 

Key  :  ( 1)  .  cm. 

Thickness  of  the  floating  flange  (Fig.  92) 

1.2254,  +  c  cm.  (285) 

Testing  bending  stresses  in  the  critical  secticn/cut  of  flang 
(Fig.  93)  can  be  producaa  according  to  the  following  formulas. 


Faq°  196 
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Binding  stress  in  secucn/cut  AB  on  the  flange  ridge 

Key:  (1).  kg/cm2. 


Bending  stress  in  secuon/cut  AC  on  the  grocv-  of  the  flange 


R>- 


*('’+S*+<’l)S| 


Key:  (1).  kg/cn2. 


(287) 


Testing  flange  joint  to  tnfi  density  is  determined  from  the 
formula 

—  ‘V^.  (288) 

where  a^10  -  for  steel  and  fcrcnze; 


ix$l  -  for  cast  ircn; 

|^ere  s  -  thickness  cf  flange,  cm  (in  the  presence  of  grccve  in 
the  critical  section/cut  tne  calculated  thickness  of  flanga  must  be 
increased  at  the  depth  of  groove)  ; 
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p  -  the  design  pressure  or  medium,  kg/cn2; 

a  -  distance  from  the  center  cf  bolt  hcle  to  the  wall  (flanging 
or  ring)  cf  tube  (arm  ci  oend) ,  cr  cm; 

P0  -  calculated  effcrt/fcrce  per  one  bolt,  kg; 

z  -  number  of  bolts; 

/^  —  .diameter  of  a  circle  cf  coupling  flanged  tube  (critical 
section/cut),  cm; 

k  -  coefficient  of  tne  tigatening  of  the  belts  (see  §39); 

r 1  -  radius  of  the  cuter  edge  of  groove,  cm; 

st  -  thickness  of  flange  in  the  section/cut  throughout  the 
groove,  cm; 

s2  -  thickness  of  tuts  in  the  place  of  its  coupling  with  the 
flanje,  cm; 

r0  -  radius  of  a  circle  cf  the  centers  cf  belt  holes,  cm; 


*  I 
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r  -  inside  radius  of  housing  (tube)  ,  of  cm; 


D  -  outside  diameter  of  flange,  cm; 


d,  -  diameter  of  tne  center  line  of  packing,  cm; 


d'f —  bore  of  flange,  ca; 


d  -  diameter  of  belt  hole,  cm; 


C  -  addition,  cm; 


t  -  distance  between  the  celts  (space  cf  belts),  cm; 

3=0.43  -  coefficient  fer  tne  flanges,  which  are  not  subjected  load 
frem  the  pressure  of  the  packing/seal  (flanges  with  the  packing, 
which  pass  all  over  end  surface  from  the  action  of  the  tightening  cf 
bolts  do  not  test  stress/vcltage  cn  the  tend)  ; 

3*0.6  -  coefficient  for  the  flanges,  leaded  on  the  tend  with  the 
action  of  th«  sealinq  pressure  (fianges  with  the  packing  on  the  part 
of  the  end  surface); 


P. 


allowable  stress  cn  tne  bend,  kg/ci2; 
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whare  Unit  ci  the  strength  cf  material,  kg/cm2; 

n  -  safety  factor,  taxen 

For  the  steel  flanges  . . 5—6 

foe  the  bronze  and  trass  flanges . 6—7 

for  the  steel  and  bronze  casting. . 8 

Page  197. 

The  calculation  of  flanges  for  rolling-cut,  for  thread,  for 
rivets  or  combinations  ct  them  is  produced  according  to  formula  (283) 
for  the  welded  flanges. 

Flanges  for  the  fcraccn  ccanactions  cf  heat  exchangers  are 
accepted  according  to  GCST  to  the  rlanges  in  the  dependence  cn  the 
internal  diameter  and  the  conditional  pressure  (GOST  355-52  and  GOST 
356-52)  . 

§41.  Calculation  of  the  tuoe  plates. 
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Th  )  tube  plates  are  one  or  tae  aiost  critical  parts  of  tubular 
heat  exchangers.  Working  conditions  of  the  tute  plates  depend  in 
essence  on  designaticn/purpcse  ana  constructicn/design  of  heat 
exchangers . 

In  tha  practice  found  use  tae  stated  belcw  procedure  of 
calculation  of  different  tune  plates,  based  cn  the  theory  of  the  bend 
of  plates  taking  into  account  the  uasic  special 

faatures/peculiarities  of  tne  design  concepts  of  haat  exchangers  and 
working  conditions  fcr  their. 

Let  us  introduce  the  following  conventional  designations: 

P  -  design  pressure  of  mediua,  kg/cs2; 

s  -  thickness  of  the  tuoe  flate,  cm; 

r  -  calculated  paraietsr  of  tne  attachments  of  the  tuba  plate, 

cm ; 


r  j 


radius  of  a  circls  cf  tclt  holes,  ci; 
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b  -  smaller  side  cf  tne  rectangle,  limited  by  the  centerline  of 
bolt  hol^s,  cm; 

b,  -  smaller  sexi-axrs  of  the  ellipse,  limited  by  the  centerline 
cf  bolt  holes,  cm; 

a  -  large  side  of  the  rectangle,  limited  by  the  centerline  of 
bolt  holes,  cm; 

a,  -  semimajor  axis  or  the  ellipse,  limited  by  the  centerline  of 
fcol*  hcles,  cm; 

D,~  diameter  of  tfca  center  line  of  packing,  cm; 

outside  diameter  cf  tunes,  cm; 

n  -  number  of  tubes; 

t  -  space  of  tubes  eitn  tneir  laying  out  or  eguilateral 
triangle,  cm; 

t !  -  space  of  the  arrangement  of  tubes  in  the  series/row,  cm; 

t2  -  space  between  the  series/rows  cf  tubes,  cm; 
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d0  -  diameter  of  ccnnecticn/communication  on  the  female  thread, 

cm ; 

2  -  number  of  ccnnecticns/comaunications ; 

re  —  radius  of  a  circle  cf  tne  arrangement  of 
connactions/communicaticns ; 

c,  -  distance  bet  seen  the  centerline  of  bolt  holes  and  extreme 
serias/row  of  connecticns/ccBmunications ,  arranged/located  along  the 
large  side  of  rectangle  cr  ellipse,  cm; 

c2  -  distance  between  tfce  senes/rcws  cf 
connecticns/communicaticns,  arranged/located  along  the  large  side  of 
rectangle  or  ellipse,  cm; 

c3  -  distance  between  ccncections/c cmmunications  in  the 
serias/row,  cm; 

L  -  calculated  bond  length  (distance  between  the  planes  of 


-COW.  <•» 


Fig.  94.  On  calculation  or  circular  tube  plate,  not  reinforced  by 


connect  io  ns/co  mmtinic  at  ices. 


Key:  (1)  .  openings. 


Fig.  95.  on  calculation  cf  circular  tube  plate,  reinforced  by 
co nnect ions/co mm unic at ic  cs. 


Key:  (1).  openings.  (2).  openings  ror  ccnnections/communicaticns. 


Page  199. 
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is  determined  from  the  rcrmula: 

S=rvrrk+C  cm-  (289) 

The  calculated  parameter  or  las  attachment  of  tube  plate  r  is 
selected  on  "Tables  64  in  def enuinj  on  form  and  method  of  attachment. 

Coefficient  -ji,  which  considers  the  method  of  the  attachment  cf 
the  tube  plate  in  depending  cn  its  fora,  is  selected  on  tables  65  and 
66 . 
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* 


I 

•A 


iablt:  64.  Values  cf  the  calculated  parameter  r. 


<t>opm  h  cnoco6  saicpenxeHHa  rpyfiHoft  aockh  ^7) 

t 

ila*  Kpyr.ioH  aockh.  iic  nojKpcn.ieHiiofl  (pitc.  94) 
h  noaicpeiueiiHoti  (pHC.  95)  cbhahmh  fj) 

Uj*  npHMoyroAbaoft  aockh.  He  noiKpenJicmiofi  cb«- 
3»HH  (pHC.  96)  ^3) 

ZU»  MAHirrHiecKiifl  aockh.  He  noAKpenjeHHofl  cbh- 
3HMH  (tP) 

Hah  npduoyrojibiiof)  (pHC.  97)  hah  SA.iunTiiqecKOtf  aockh, 
noAKpeuAcimoil  aiiKcpiiuMH  mu  pacnopHUHH  cbbabmk 
(npHiiHuacTt'K  OoAbuiAH  BeAHiinia)  ^"5) 

r\ 

b 

Cv 

r,  imm  Cf 

Kay:  (1).  Form  and  method  of  one  attachment  cf  the  tube  plate.  (2). 
For  circular  panel,  not  reinforced  (Fig.  94)  and  reinforced  (Fig.  95) 
by  conn actions/communications.  (J) .  For  rectangular  panel,  net 
reinforced  by  connecticns/ccmauiucations  (Fig.  96) .  (4) .  For 

elliptical  of  panel,  net  reinfcrcad  by  ccnnscticns/communications. 
(5).  For  rectangular  (Fig.  97)  cr  elliptical  panel,  reinforced  by 
anchor  or  stays-fcolt  (is  accepted  righ  value) .  (6) .  or. 


Fig.  96.  On  calculation  cf  rectangular  tube  plate,  not  reinforced  by 
con nec tic ns/co mm  unicat iens. 


Key:  (1).  openings.  (2).  laicnaess. 
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(3) .  openings. 

Page  201. 

The  values  of  coefficient  or  ^  are  given  as  average  values  for 
the  supported  and  jammed  plate. 

The  coefficient  of  waaxaning  the  tube  plats  V  is  determined  from 
the  following  formulas. 

During  the  laying  cut  of  tubas  on  equilateral  triangle 
?=■  1  -  0,905  (290) 

During- the  corridor  or  checkered  laying  cut  of  the  tubes 

1-0.785^.  (291> 

The  values  of  ccefiacient  *  in  depending  cn  the  diameter  of 
tubes  and  their  snace,  that  have  great  use/application,  are  given  in 

ft 

Table  67. 

Coefficient  «,  considering  a  change  of  the  specific  load  on  the 
tube  plate  in  the  dependence  cn  the  diagram  of  heat  exchanger,  is 
determined  on  Ta  fcl*s  6€. 


».  V 


■  i, . 


i 
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Table  65. 


Value  cf  coefficient 


cf  f. 


<&OpMl  H  cnocod  XpCOACHH*  TpyfiHOi  30CKH  f~') 

% 

.  3Ha<ieNHe  1 

ft) 

ZLa*  npyracA  aoent,  hc  noAxpenneuHoA  cbbbjimk 
(P»C.  94)  ()) 

0.5 

Una  xpyrjioA  iockh,  noAKpenacHiioA  aHxepHuuH  nan 
paCnOpHMMH  CBR3HMH  (pHc.  95)  f t) 

0.75 

4) 

ZU«  DpaMoyro.ibHofl  iockh.  He  nojucpenjieHHoA  caa- 
31mh,  3HaieHHe  \  BuOHpaerca  a  33bhchmocth  ot  otho- 
mewia  cropon  npnvoyrojbHHKa  a\b  (puc.  96 )(~^) 

flo  ra6*.  66 

fylljta  MBHOTHBecKoA  30c kh,  He  noaKpenaeHHOfl  cb*3*mh 

1.8 

+  "  2*i  *? 

+  3  <r,  + 

Am  npanoyroJibHoA  h  3JiJiHnTii<iecKoA  30c kh,  noa- 

llo  tafia.  66 

■penacHooft  aHicepHMUK  imb  pacnopHUMH  cbbshmh,  3hb- 
leBHe  If  BufiHpierca  b  submchmocth  ot  OTiintueHHH  cto- 
poiiM  npHMoyrojiMiiiica  a  huh  noayoeir  jjumnea  a,  k  oac- 
cToaiuno  e,  tun  ct  (k  <5ojibUieA  bc.thbhhc),  puc.  97  /p) 

0 

Key:  (1).  Form  and  method  cf  fastening  the  tube  plate.  (2).  Value. 

(3).  For  circular  panel,  net  reinforced  by  ccnnections/communications 
(Fig.  94).  (4),  For  circular  panel,  reinforced  ty  anchor  or  trace 

connections/communicat iens  (Fig.  95).  (5).  Per  rectangular  panel,  not 

reinforced  by  connecticns/ccaaunications,  value  of  ^  is  selected  in 
depending  on  relation  cf  sides  cf  rectangle  a/t  (Fig.  96).  (6).  On 

tables.  (7) .  For  elliptical  panel,  not  reinforced  by 
connections/coraaunicaticns.  (d) .  For  rectangular  and  elliptical 
par.«l,  reinforced  by  anchor  cr  stays-bclt,  value  cf  f  is  selected  in 
dep-nding  on  ratio  of  side  of  rectangle  a  cr  semi-axis  of  ellipse  at 
* o  distance  of  Cj  or  c2  (tc  larger  value).  Fig.  97. 
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Table  66.  Value  cf  coefficient  cf  for  the  rectangular  and 
vlliotical  panels  in  depending  cn  the  relation  of  their  sides  or 
s^mi-ax^s . 


1.0 

1.1 

1.2 

0,30 

0.33| 

0.37 
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[■able  67.  Value  of  coefficient  *, 


dn.  MM 


,=  1-0.905-1! 


?  =  I  -0.785—!! 


20  |  22  12.5  13  13.5 

0.42  0,474  0,52  0,42  0,465  0,517 

26  |  26  26  15  }  15  15 

20  21  22  12,5  13  13,5 

0,615  0,635  0,65  0,583| 0.595  0.61 


mni 
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]  0-^JL  l[  %  .  Vain**  cf  ccefuciisflt 


Oxen*  Tcn.ioofiMenHHKi  h  npuaoweHMe  HarpyaKH 

3naqeHHe  a 

Xrn  rpyOiiwx  aocok  ik>6oi1  (fopvM  c  nymco* i  V-oCpa3- 
Hhix  TpyfiOK  (puc.  98)  iiah  nyiKOM  npxMtix  TpyfioK,  oahh 
kohcu  Koropux  janpen.ieH  a  iienoaaHWHOfl,  a  BTopoA  — 
a  n.iaeaiomcii  tpyftHOii  /tocKe  (pile.  99)  npH  acHctbhh 
HirpyjKII  C  JHOCoii  CTOpOMU 

<  =  1 

Haa  Kpyr.iMx  Tpyfiuux  aocok  c  nyinou  npawux  tpy- 

COK,  OAHH  KOtleU  KOTOpiWX  jaKpCIUCH  8  HCIIOADHWHOH, 
a  aropoti  —  n  noiBiiwHoii  n  c a -i b  1  <1 1  k e  TpyfiiioH  aockii, 
CKpeil.lCIIHOli  C  KpMIUKO#  (pile.  100)  y-  , 

a)  npif  aeilcriimi  narpy ikii  co  ciopoiibi  xpuuiCK  f  t) 

C> )  npii  .iciicTOiiii  Harpy  jkii  co  CTOpOHU  MexnpyO- 
iioro  npocTpaiicraa 

j  =  1 

‘-'Si 

Jan  Kpyr.iux  TpytiHbix  aocok  c  nyqxoM  npxxbix  Tpy- 
6ok.  jaspcn-ietmux  a  anyx  iienoaBHjKiiux  tp)'6hux 
AOCKAX  (pnc.  101)  HAM  o.llioft  1(1  KMX,  nOABIIWllOM  8  C3Hh- 

HHKe.  ho  lie  cxpcn.U'iitioii  c  icpMUiKOM  (pnc.  102),  npM 
jeiicTami  itarpyiKH  c  anOoH  ciopoiiu 

*  */ 

das  nptiMoyro.ibHbix  ipySiiux  aocok  c  npnuu\m 
ipy6K3MH,  aaKpenacnHbiMM  a  aayx  HenoasHwiiux  Tpyfl- 
hux  joexax  (pnc.  101).  npii  achctbiih  HarpyaKH  c  a»6oh 
CTopoilM  f  b) 

t »  1-0,785^ 

ab 

flax  laaiinriciecKiix  rpyOiiux  aocok  c  npxubiMH  TpyS- 
k3mh,  laKpeiiacHiiuMii  b  aayx  HenoaBHXciiux  apyCHux 
aockax  (pHC.  101).  npu  aeHCTBHM  HarpyaKH  c  .11060* 
CTOpolIU  (7j 

The  designations:  a  and  t  -  siue  or  the  rectangle;  a!  and  bt  - 
s~mi-axis  of  ellipse,  they'ara  accepted  to  the  canter  line  of 
packing. 


K--*y:  (1)  .  Diagram  of  heat  axcnanger  and  load  application.  (2)  .  Valu 

(3).  For  tuba  plates  cf  any  fciis  with  bean  cf  V-shaped  tubas  (Fig. 
93)  or  by  pencil  of  straignt  lints  tub-s  whose  cne  end  is  attached 
fixed,  and  by  the  secora  -  in  ricating  tube  plate  (Fig.  99)  under 
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effect  of  load  from  any  side.  (4).  For  circular  tube  plates  with 
pencil  of  straight  lines  tutes  whose  one  end  is  attached  in  fixed, 
and  by  the  second  -  in  acoile  in  gasket  tube  plate,  fastened  with 
covQr/cap  (Fig.  100)  . 

a)  under  the  effect  of  lead  from  the  side  cf  covers/caps. 

b)  under  the  effect  of  load  from  the  side  of  inter-tuba  space. 
(5) .  For  circular  tube  plates  witn  pencil  of  straight  lines  tubes, 
attached  in  two  fixed  tuba  plates  (Fig.  101)  cr  one  of  them,  mobile 
ones  in  gasket,  but  not  fastened  with  cover/cap  (Fig.  102)  under 
effect  load  from  any  side.  (6).  For  rectangular  tube  plates  with 
straight/direct  tubes,  attached  in  two  fixed  tube  plates  (Fig.  101)  , 
under  effect  of  load  frea  any  side.  (7).  For  elliptical  tuba  plates 
with  straight/d' rect  tutes,  attached  in  two  fixed  tube  plates  (Fig. 
101)  under  effect  of  lcac  iron  acy  side. 

Page  203. 

For  the  design  pressure  of  medium  p  is  accepted  the  larger 
pressure  of  working  medium,  woicn  effects  on  cne  of  the  sides  of  the 
tube  plate. 

For  vacuum  capacitors  the  design  pressure  increases  by  1  kg /cm2 


1 
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which  considers  the  greatest  possicle  vacuum  in  the 
capacitor /con  denser. 

For  the  vertical  tube  car  ns  at  theiL  relatively  larger 
dimensions  and  weight  anc  lew  pressures  cf  working  media  the  design 
pressure  increases  by  tie  tetai  weight  or  tubes,  if  it  comprises  more 
than  lOo/o  of  the  load,  creates  a  pressure  cf  medium. 

For  the  circular  tube  plates,  reinforced  by  anchor  or 
stays-bolt,  design  pressure  p  takas  as  the  equal  to  the  given 
specific  load  p* 2,  determined  according  to  formula  (296).  For  the 
preliminary  deteraiaat icc  of  tae  taickness  cf  the  tube  plate  from 
formula  (289)  tentatively  it  is  accepted: 

p ;  -  (0,5  -V  0,6)  p  kz/cm*.  (292) 

K«jy:  (1).  kg/cm2 . 

Full  load  from  the  pressure  of  working  medium  on  the  circular 


tube  plate 
Q  «  0,785D/p  kz. 


(293) 


Fig,  101,  Diagram  of  h«at  excaangar  with  two  securely  fastened  tube 
plates. 


cig,  102.  Diagram  of  h=at  axcaucgei:  with  motil®  tuba  plate  and  fixed 


cover/can . 
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Load,  which  falls  tc  ta«  arcaor  stays,  arranged/ locat ad  cn  th= 


circular  tube  plats. 

Pi 


tyl'i'-fty 


’  ([-*>-£ + t  (> + iM-* 


Kt.  (294) 


Load,  which  falls  tc  tuba  plate, 
Pt  =  Q-PiK2.  (295). 

Key:  ( 1)  .  kg. 


Given  specific  load  cn  the  circular  tuts  plate 


lezjcM1. 


Pl  0,785 Oj 
Key*  (1)  ,  kg/cm2. 


(2%) 
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for  steels .  0.3 

For  brasses .  0.33 


Fcr  the  bronze.  .  . . 

The  sparing  or  ancacr  stays,  which  fasten  rectangular  tube 
plates,  are  designed  frc«  rhe  suaiiest  secticc/cut  of 
connecticn/communicaticn  for  zae  lead,  which  falls  to  the  area, 
supported  by  connection/coamunication. 

One  seri.es/row  of  ccnnecticns/communicaticns  along  the  line  cf 
centers  to  establish/i rstall  is  net  recommended. 

Allowable  stress  cn  caa  cena  in  the  tubs  plate  is  designated 
according  to  the  formula 

(298) 

Safety  factor  /I*  witn  respect  to  the  lower  limit  of  the 
strength  of  material  <tt  ■  of  tae  tune  plate  at  operating  temperature 
of  medium  to  200°C  is  accepted 

>  4. 


Pag®  20S. 
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At  higher  temperatures  toe  value  of  ultimate  strength  is 
accepted  at  a  prescribec/assi jnea  calculated  temperature  with  the 
subsequent  testing  of  s trasses/ voltages  on  the  yield  point  of 
material  safety  factor  in  this  case  must  be  not  less  than  1.8. 

Addition  C  to  the  minus  tolerances  cf  rolled  stock,  treatment 
and  for  the  corrosion  ct  tne  tube  plates,  etc.: 

CM 

for  the  thickness  cf  panels  tc  2.0  cm.  .  0.1 

For  the  thickness  cf  panels  frcm  2.1  tc  4.0  cm .  0.3 


For  the  thickness  cf  panels  fro*  4.1  tc  6.0  cm .  0.3 

For  the  thickness  ct  panels  ar<=  more  that,  6.0  cm.  0.4 


The  smallest  thickness  of  tha  tube  plats  in  the  place  of  the 
rolling  of  tubes,  fro*  tha  ccnditicns  of  guaranteeing  of  strength  and 
density  of  their  rolling-out,  must  not  be  the  less  outside  diameter 
of  the  tubes: 

The  smallest  thickness  or  tae  tube  plate  id  the  place  of 
weakening  by  its  grooves,  grooves  and  its  envelcpient  under  the 
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packing/seal  flanges  must  not  re  less: 

The  thickness  of  the  sealing  part  of  the  welded  tube  plate 
b-  designed  just  as  flange. 


Tes+ing  stresses/ vc lcages  in  the  bridge  cf  tube  plats,  Fig. 
(between  four  tubes),  is  prcducea  according  tc  to  the  formula 


«.> 


*•*('-*)  (t) 

Key :  ( 1)  .  kg/ca2 . 


j  KZjCM'.O) 


(299) 


wh°ra  /— -  half-sum  of  tne  aides  of  the  rectangle,  formed  by  four 
tub=s : 

0,5  (*,  +  *,). 

The  determination  cf  values  t4  and  t2  see  in  Fig.  103. 


"  Testing  the  reliability  or  fastening  the  ends  cf  the  tubes 
against  their  extraction  is  produced  according  tc  the  formula 


R> 


Pt 

**** 


must 


103 


(300) 


for  the  tubes,  arranged/loca-csa  on  equilateral  triangle, 

/=  0,866/*  -0,785#!  cm*; 

for  tne  tubes,  a rrangad/ located  ia  the  ccrridcr  or  checkered  crder. 
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Strc  ss/vcltag^  in  tha  ancnor  stays  is  determined 


a  P\  (')  r.  p\ 

R'=o-^SJT  «■’>  R-~w&  ”/'*■  (301) 


by  Key:  (1).  or  kg/cm2. 


Allowable  stress  in  tna  ancnor  stays  during  the  hydraulic  test 
must  not  exceed 
R‘t -  '  K2/CM*,  (302) 

Key:  (1)  .  kg/cm2 . 


where  f,~' yield  poinr  cr  matsraai,  kg/cm2. 


Breaking  stress  on  the  bucxling  in  stays-fcolt: 


R.p  —  JTy  k^Icm9. 

\TJ 

Key :  ( 1)  .  kg/cra2 . 


Radius  of  inertia  cf  ccnnacticn/comaiunication  of  the  round 


cross-s  action 


i~£  CM. 


The  modulus/module  cf  tha  rornal  elasticity  E  is  accepted: 


"V  -j|p 
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for  steals  kg/cm2. 


For  brasses 


For  the  bronze. 


Stability  margin  in  stays-boit  with 


(2.0-2.2)*106 
(0.65-1.0)*106 
(0.9-1.2)*106 
the  buckling 


Page  207, 

Here  by  is  implied  permissible  compression  stress,  equal  to 

permissible  tensile  stress. 

For  the  purpose  of  a  reducticn/descent  in  the  thermal  stresses, 
which  appear  in  the  tube  plates,  acd  alsc  the  tubes  in  the  places  of 
their  rolling  in  the  housings  ol  tne  heat  exchangers,  which  have 
rigidly  by  them  is  mere  than  1  >  the  silt  of  the  working  under 
conditions  relatively  biga  temperatures,  it  is  necessary  to  produce 
testing  the  compensation  capacity  cf  apparatus  and  in  the  necessary 
cases  to  provide  for  the  installation  of  compensators. 

§42.  Calculation  of  the  compensation  capacity  of  apparatus. 


1 


Agfa 
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If  in  the  tube  system  or  apparatus  straight/direct  tubes  are 
rolled  in  two  tube  plates,  rigidly  fastened  with  the  housing  cf 
apparatus,  then  in  this  case  snculd  be  manufactured  the  verifying 
calculation  of  the  ecu psnsaticn  capacity  of  apparatus. 

« 

The  elongation  cf  cha  nousing  of  apparatus  under  the  action  cf  a 
difference  in  the  taupe ratuies: 

(304) 

where  -  a  coefficient  or  taa  linear  expansion  of  the  material  of 

% 

housing  on  1°C; 

It —  length  of  housing  (usually  is  accepted  the  distance  between 
the  tube  plates),  cm; 

mean  temperature  cr  the  wall  cf  housing,  °C; 

t0  -  temperature  ci  apparatus  during  the  assembly  (it  usually 
tak«s  as  the  equal  to  15-20°C)  ,  °C . 

The  elongation  of  the  tunes  of  apparatus  under  the  action  of  a 
difference  in  the  temperatures; 

~t«)  cm,  (305) 

where  a2  -  a  coefficient  of  the  linear  expansion  cf  the  material  cf 
tubes  on  1°C; 


■.«wait.  -  .wil.hi 


DOC 


30040210 


EAGE 


4 —  length  of  tubes  (distance  between  the  tube  plates)  ,  on; 

t‘  —  mean  temperature  of  the  wall  cf  tube,  °C; 

CT  * 

t0  -  temperature  cr  apparatus  during  the  assembly,  °C. 

Difference  in  the  elongations  between  the  elongations  of  housing 
and  tube  (amount  of  strain)  : 

A/  =»  A/,  —  4/,  cm.  (306> 

In  obtaining  M  of  positive  tne  tubes  additionally  are 
dilated/extended  under  the  acticn  cf  the  elongation  of  housing.  In 
obtaining  A/  of  negative  the  housing  additionally  is  dilated/extended 
under  the  effect  of  the  elongation  of  tubes. 

end  section. 
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The  effort/force  which  appears  in  the  tube  (housing) ,  called  by 
the  elongation  of  housing  (rubes)  ,  according  tc  the  law  cf  Hccke: 

Pi  — — y— •  *9  #  (307) 

where  E  -  modulus  of  elasticity  cf  the  materiel  of  tube  (housing), 
kg/ca*; 

P  -  cross-sectional  area  cf  tube  (housing)  : 

0,785  (dj-dj)  cm*, 

where  d,  -  outside  diaietar  or  tube  (housing),  cm; 

d,  -  bore  of  tube  (housing).  Cm. 

The  effort/force,  which  ap jeans  in  the  tube  (housing) ,  called  by 


the  internal  pressure; 
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P,  =  0,785^  *9,  (308) 

uhera  p  -  internal  pressure  in  the  tube  (housing)  ,  kg/cm2. 

Total  effort/force  in  the  tune  (housing)  from  the  action  of 
difference  in  the  temperatures  and  internal  pressure: 

Kym^Pl+P*  *9-  (309) 

Total  stress/voltage  cn  the  breakage  in  the  wall  of  t'.ee 
(housing)  ; 


/?«,,,  =  xg/ca*. 


(310) 


If  obtained  values  Peym  and  R ^  are  insignificant,  then 
compensator  on  the  apparatus  it  is  not  required. 


Compensator  on  the  apparatus  is  established  in  such  a  case, 

when: 


1)  total  stress/vcltage  cn  the  breakage  in  the  tube  or  the 
housing  exceeds  allowable  stress,  i.e. 

Rtyu  Rinat 


i 


w-  {  iiH.  ^ 
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where  Rua  -  allowable  stress  in  tee  wall  of  tube  (housing) ,  cf 
kg/cm  2 ; 

2)  the  ef fort/f ores,  which  appears  in  the  tuts,  exceeds  the 
permissible  lead  on  the  extraction  of  the  ends  cf  the  tubes,  i.e. 

p  P 

rcyn  ^  rnn«» 

where  pmtt  -  permissible  lead  on  tns  extraction  cf  the  ends  cf  the 
tubes:  Pm„  =  Rm,t ~ dHy  K$; 


Ra„  ~  allowable  stresses  cn  the  extraction  cf  the  ends  cf  the 
tubes  (sea  page  20  6),  cf  kg/cm2; 

dn  -  the  outside  diairster  cf  tubes,  cm, 

y  -  depth  of  the  rclling-cut  cf  tubes,  cm. 

According  to  the  experimental  data  the  safety  factor  of 
rolling-cut  n,  i.e,,  tha  ratic  cf  force  PtM0,  which  extracts  the 
rolled  tube,  to  permissible  icaa  Pmn  on  the  extraction  of  the  ends 


of  the  tubas  composes  2-as 


DOC 


80040211 


F  AG£ 


Page  200. 

Por  the  approximate  computations  of  ef f crts/f occes  and  the 
stresses/voltages,  which  appear  in  the  tube  from  the  temperature 
elongations,  can  be  reccamended  the  fcllcwirg  simplified  formulas. 

The  force,  which  appears  in  the  tube,  in  the  absence  of  the 
compensation  for  temperature  elongations  apprcxiaately  is  determined: 

for  the  steel  tubes 


P  —  75hMskg;  (311) 

for  the  trass  tubes 

57 bids  *g.  (312) 

The  compression  stress  or  elongation  in  the  tube  from  the  action 
of  temparature  elongations  in  the  absence  of  the  compensation  for 
tube  is  determined: 


for  the  steel  tubes 
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R  —  *q/Cr**'t  (313) 

for  the  brass  tubes 

/?=  18Af  nc/c*2.  (314) 

The  bending  deflection  cf  tune  in  depending  cn  its  elongation 
approximately  shares 

y  - 1/0375/4/+ y#-  yf  (315) 

Here  At  -  increase  in  tfce  temperature  against  the  assembling, 

c; 

d  -  the  mean  diameter  cf  tube,  cm; 

s  -  the  wall  thickness  or  tube,  cm; 

1  -  length  of  tube,  am; 

Al  -  difference  it  the  elccgations  cf  horsing  and  tube,  mm; 
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Yo  -  initial  sagging/de flecticn  of  tube,  an, 

5  43.  Calculation  of  the  axpansacr  helloes. 

The  expansion  helices  eitn  the  necessary  calculated  values  is 
depicted  in  Fig.  104. 

The  wall  thickness  cf  the  lens 

s  »■»  0,67//  yf  cm,  (316) 

where  H  -  a  projection  of  sizes/diuensicns  r,,  r2,  1  lens  (Fig.  104) 
era ; 

p  -  internal  pressure  an  the  compensator  kg/cm2; 

A?*  -  allowable  stress  cn  the  tend,  kg/cm2. 

The  complete  effort/fcrce  i rc a  the  internal  pressure,  received 
by  the  walls  of  the  lens 

P,  =  0,785/>(dJ  —  d|)  h9,  (317) 

where  dx  -  diameter  of  the  lens  cf  compensator  in  section/cut  AA,  cm 


i,  -  diameter  of  lets  an  sectaon/cut  BE,  crvi. 
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Force  from  the  internal  pressure,  which  disrupts  the  wall  of  the 
lens  cf  compensator  according  to  roe  diaxeter  of  lens  d t  in 
sec+icn/cut  AA: 

ki-  (318) 

The  reaction,  compressive  tae  wall  cf  tbs  lens  cf  compensator 

according  to  diameter  </,'  in  secticr/cut  EB: 

Pb^P'-Pa  kft-  (319) 

The  force,  which  appears  u  tne  compensator  from  the  deformation 
cf  one  lens  to  value  ♦-Ax— C.5hjf  (with  the  preccmpressicn  or  the 
elongation  of  lens  or  +-Ax)  : 

fcj,  (320) 

where  Ax  -  an  amount  of  the  deformation  cf  cne  lens  of  the 
compensator; 

E  -  modulus  of  elasticity  cf  the  material  of  lens,  kg/cm2; 

/,,=» 0,262  drts*  -  moment  cf  tne  inertia  cf  the  cross  section  of  the  wave 
of  lens,  rectified  on  its  average/aean  diameter,  cm4; 

d^  =—0,5(4,  +  dt)  -  tb®  near  ciaaeter  or  the  lens  cf  compensator,  cm; 
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£d  -  coefficient  of  the  configuration  cf  lens,  cm3 


2a  -  coefficient  of  the  configuration  cf  lens,  cm2 


£s„  -  the  reduced  length  of  the  nail  of  lens,  cm . 
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Pig.  104.  On  the  calculation  cx  the  expansion  bellows. 

Page  211. 

Values  of  the  coefficients  cf  configuration  and  reduced  length 

1.  For  case  of  rj/r*;  £  /d: 

lb  -  n  r>  +  [r,  (rf  +  /)  +  -3- p  ]  +  '1  [-f- (r,  +  If  + 

+  2(r1  +  /)rl  +  ^./»J|; 

Sa«z«j(w_2)r*  +  (2rJ  +  /)  +  r,  [*(/-,+/)  +  2r,JJ; 

2s»  =  n  4-  r,)  +  /J . 

2.  For  case  of  r,=ra*r;  1/0: 

^„*(P^r.  +  [r(r+/)  +  :».i.]/  +  rJ^(r  +  /),+ 

+  2(r  +  0r  +  -J-r*j}; 

2a««{(r_2)r*  +  (2r  +  /)/  +  r(-(r-fO  +  2rJ!; 


1 
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3.  For  cas?  of  rt^r2;  1=C: 

2a  =  n  {(*  -  2)  r\  +  r,  (-r,  +  2 r,)) ; 

S^«  *■  » -y-  (rt  +  r,). 

4.  For  case  of  r1-r2=r;  1  —  C ; 

2*  — 4,71/ir*; 

2fl  =  6,28rtr*; 

25*  =  3,14«r, 

where  n  -  number  of  half-lenses  m  compensator. 

Pinchinq  moment/tcr que ,  called  by  the  deformation  of  the  lensas 


*0— *9ci 


Bendinj  moment  in  tha  critical  section/cut  cf  lens  (section/cut 


Af„  =  PJi  -  Mx  K  qc  ■  ■ 
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Bending  stress  frca  the  action  of  mcment/tcrque  in  the  critical 
section/cut: 

±/?;=*45f  Ky/cn2,  (323) 

where  /4  =  0,262  d^s*  ~  ncaent  of  the  inertia  cf  lens  in  critical 
sacticn/cut,  cm4. 

Bending  stress  frca  the  iiterral  pressure: 

#•^0. 4&H*  fc^/cm2 .  (324) 

Total  bending  stress! 

±  /?*=/?;  +  /?;  kg/c a*,  (325) 

Plus  sign  is  -  with  ta<=  wcix  cf  compensator  on  elongaticn. 

ainus  sign  is  -  with  the  went  cf  coapensatci  on  compression. 

Stress/voltage  cn  tha  Breakage  from  the  irternal  pressure: 
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Hy/CB*.  (326) 

Resulting  stress/ vcltay e  in  the  critical  secticn/cut 

ffp«3=  YRi  +  Rt  k9/ca2-  (327) 

Axial  force  in  the  housing  cf  the  apparatus: 


P’  =  Pa  +  Px  *9-  (328) 

Stress/voltage  in  the  nail  or  lens  in  the  place  of  fastening  to 
the  housing  {section/cot  EE)  : 


(329) 
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Chapter  VII. 


EXAMPLES  OF  THE  CALCULATIONS  CF  THE  STRENGTH  CF  PARTS. 


§  44.  Calculation  of  the  strength  cf  the  walls  cf  housing. 


Cylindrical  wall. 


Initial  data  for  the  calculation. 


Material  of  the  hccsing  of  fuel  heater:  steel  st.  3. 

f> 

Calculated  (working)  pressure  of  saturated  steam  in  the  housing  a 
Bore  of  housing  0,  =  283  mm. 


We  accept. 


f  =•  0,8  -  the  modulus  of  resistance  o t  weld  (on  Table  50)  ; 

o»  — 38  limit  of  tne  strength  of  steel  St.  3  (on  Thble  33)  ; 


— 4,25  -  safety  factor  with  f,<250“C  (on  Table  52)  ; 
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C= 1  om  -  addition. 

The  allowable  stress 

“??S  =  8.9  **  /a"2* 

The  wall  thickness  ci  tie  cylinder 

Jr_  PD*  juC*=  2^'283  i  i _ eg 

3  230Rg?  —  p  ^  u  230-8,9.0.3—26  t  I  —  0,0  mm. 

He  accept  s=6  do. 

Flat/plane  wall  with  the  stiffening  ribs. 

Initial  data  for  the  calculaticc. 

Material  of  the  flat/place  wall:  Co  ppe-f  B  3  • 

Material  of  stiffening  ribs  (angle  plate):  stael  st. 

Design  pressure  on  tne  wall:  p=1  kg/ca*. 

Large  side  of  the  flat/flare  wall:  1=  1 5 C C  do. 
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Smaller  side  of  the  flat/plaae  wall:  c=1300  mm. 
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(ie  accept. 


Number  of  edges/fins  along  the  larger  side  nj=5. 


Number  of  edges/fins  along  the  smaller  side  nz-4. 


Profile/airfoil  of  angle  plate  on  OCT  10015-39  N  6/4. 


Me  determine  (on  the  tables) . 


Limit  of  the  strength  of  copper  a*  =  2000  kc/cm*. 


Yield  point  of  copper  a, =*700.  *g/cin* . 


Limit  of  the  strength  of  steel  St.  3  9^  =  3800  bg/cm*. 
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Second  side  of  the  rectangle 

If  «=  rt]  + ,  —  5+j  =  250  mm, 

The  thickness  of  the  flat/plane  vail,  included  tetveen  the 
stiffening  ribs 


s  — 0,53b  t/  —  f  +C-0.53.25T/  — ■-!  + 

'  M,  +  ^J  V  440(i+-g) 

+  0,3  =  0,755  cm, 

vhere  #,2=440  fc-j/c**-  the  allowable  stress  cf  copper  (on  Table  41); 


C=03  cm  -  addition  taking  ante  account  weakening  cf  bore 
surface. 


Me  accept  s=8  ns. 

Lat  us  designate  (see  Fig.  62). 

X,Xt  -  centroidal  axis  of  the  secticn/cut  of  edge/fin  (elbow) 

XjXj,  -  centroidal  axxs  cf  the  secticn/cut  cf  the  band  of  the 
flat/plane  wall; 

XX  -  centroidal  axis  of  the  section/cut  cf  band  and  edge/fin; 


00  -  axis/axle  cf  tie  case/root  cf  band. 
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From  the  table  c£  assortment  tor  angle  plate  N  6/4  we  determine: 

Height/altitude  of  edge/fm  (angle  plate)  h=6  ca. 

Cross-sectional  area  of  edge/tin  F^S.72  ca*. 

Distance  of  the  apex/vertex  ci  edge/fin  frcm  axis/axle  XxXx 
equal  to  Z0=2  cm. 

Second  noment  of  area  cf  edge/fin  relative  to  axis/axle  Xxxx 
/*  -  20,3  cxi*. 


Distance  of  axis/axle  XxXx  frcm  axis/axle  CC: 

Yi  “*  *  +  s  —  =  6  +  0,8  —  2  =  4,8  cm. 

Distance  of  axis/axle  x2x2  frcm  axis/axle  CC: 

J'i™ 0,5s  =  0,5’0,8  =  0,4  cm. 
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Width  of  the  band  cf  wall,  which  receives  leads  along  the  larger 
side  1  of  rectangle, 

a-y— £-13  CXI. 

Cross-sectional  area  or  the  hand 


—  13-0,8=  10,4  cm. 
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Distance  of  the  neutral  ax-is/axle  XX  frcx  axis/axle  00 

•7  _  W+FtY,  _5.72  4.8+10.4  0.4  ,  ... 

Fi  +  F,  5.72+10,4  —  CM. 

Distance  between  centers  i(Xt  and  XX 

a,  =—  K,  —  Z  =  4,8  —  1,96  =  2,84  cm. 

Distance  between  centers  X2X2  and  XX 

at  —  Z  -  Yt  mm  1 ,96  -  0.4  —  1,56  cm. 

Distance  of  the  outeraost  lilanent  frcn  axis/axle  XX 

K,  —  s  +  A-Z-=0,8  +  6-  1,96  =  4,84  c*. 

Load,  which  effects  cn  the  edge/fin  and  the  band, 

13- 150-1  =*1950  k<±- 

Greatest  bending  ncnsnt,  whico  effects  cc  the  edge/fin  and  the 


band. 


M-  W!»_24400 


Second  nomeat  of  area  cf  sand  relative  tc  axis/axle  X2X2 

fr.—- nr* — 12 — "O-ss CM?- 

Second  moment  of  area  of  edge/fin  relative  to  axis/axle  XX 

/,  —  /,.  +  a\Fx  =  20,3  +  2,84* -5,72  —  66,6  cm*. 

The  second  moaact  cf  area  cf  band  relative  to  axis/axle  XX 


/,  -  U  +  oJF,  —  0,55  +  1 ,56*  •  10,4  =  25,95  cm*. 
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Total  aoaent  of  the  inertia  or  edge/fin  and  hand  relative  to 
axis/axle  XX 

/  =  /,  +  /,=  66 ,6  +  25,95  -=  92,55  cm4. 
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Stress/voltaga,  wfcicn  appears  in  the  edge/fin  froa  the  action  cf 
ffoment/torgue  a. 


2^^1=1275  *g/ca*. 


Stress/voltage,  which  appears  in  the  band  froa  the  action  of 
icment/torgue  a. 


=  =516  *g/caz. 


Safety  factor  in  the  edce/fin 


*,  2400  , 

it,  —  —  i275  =  I,88. 


Safety  factor  in  the  hand 


»  —  —  _ 704 _ ,  oc 

^  —  5J6  —  1,36. 

§  45.  Calculation  of  the  strength  of  covers/caps  and  bottons. 
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Convex  staaped/die- f orqed  cottci. 

Initial  data  for  the  calculation. 

Material  of  convex  fccttca  cf  the  housing  cf  the  preheater  of  the 
water:  steel  st.  3. 

Calculated  (working)  pressure  of  vapors  in  the  housing  p=2 
kq/ca2 . 

Outside  diameter  cr  nousing  D„  =  558  mm.. 

He  accept. 

o>==3hkg  /am2  -  limit  of  the  strength  of  steal  St.  3  (on  table  33)  : 

C= 3  am  -  addition; 

y=1.65  -  coefficiect  cx  factor  of  shape  cf  bottca  (on  fable 

55) ;  for  the  anechoic  tcttca  in  t fie  ratio  of  the  height/alti tude  of 

i\e- 

bottom  h  to  its  cutside  ciaaete x  .when  £  =022. 


Allowable  stress  witn  t<250°C  (onTabls  56) 
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:  i*  _  ii  =  13  I  Xg/c®2. 
2,9  2,9  10,1 


The  wall  thickness  cf  the  dished 

D*py  ,  „  358-2-1. 65 

S~~  200 R,  ^  20013,1 

we  accept  s=4  n. 


bottca 
+  3  =  3,71 


MM. 
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Flat/plane  circular  cover/cap. 

Initial  data  for  the  calculation. 

Haterial  of  the  flat/piace  cceer/cap:  steel  st.  3. 

Calculated  (it  is  working)  pressure  p=2  kg/cm2. 

Diameter  of  a  circle  cf  the  arrangement  cf  belts  d=62Q  mm. 

We  accept. 

3(3s38kg  /mm2  -  limit  of  the  strength  of  steel  St.  3. 

m=0.3  -  for  the  ccvers/caps,  which  undergo  preliminary  tend  from 
the  tightening  of  the  tclts  £see  formula  (242)]. 


■M 
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C=2  mm  -  addition. 

Allowable  stress  cc  tne  rend  (on  Table  56) 

Thickness  of  the  flat/plane  circular  co»er/cap 

s  =  dV  +  Ca=  62  l/o.3|4o  +0,2=  1.595  cm. 

We  accept  s=16  no. 

Plate  cover/cap. 

Initial  data  for  the  calculation. 

Material  of  cover/cap  (cast):  steel  55L. 

Calculated  (it  is  wcrsing)  pressure  in  the  ccver/cap  p=3 
kg/cm2. 

We  accept  (on  the  made  crawinp/araft) . 

Radius  of  *he  spherical  sapient  cf  cover/cap  «=70  cu. 
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External  radius  of  toe  flange  of  cover/cap  d=42.5  ca. 

Radius  of  a  circle  cf  the  arrangemert  cf  belts  r=39.25  ca. 

Distance  from  the  axis/axle  cf  ccver/cap  to  the  line  of  centers 
cf  packing  a=36  ca. 

Load  on  the  bolt  (iroa  tne  calculation  cf  holts)  Po=8350  kg. 

Humber  of  bolts  2=2.8. 

The  wall  thickness  cf  ccver/cap  s=5.5  ci. 

Addition  for  the  cast  cover/cap  C=0.5  ca. 

The  modulus  of  resistance  cf  veld  {it  is  absent)  *=1. 
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Bending  stress  in  the  ccver/cap 


_3_ .. .  f  qggfoj?  -*>-11  an p  . M,  P*  _ 
*(*-C)*L  4’  -f-  i.WV  ‘8  TJ  +  2i  it-d)  — 
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Key:  (1)  .  kg/cm2. 

Safety  factor  in  the  cover/caj  on  ultimate  strength 

„ _ _  6000  __  fi 

n~~  Rb  940  ~  0‘** 

where  s*=-6000  kg/ca2  -  limx  cf  the  strength  cf  steel  55l  (on  Table 
29)  . 

5  46.  Calculation  of  belts  and  {.ins. 

Calculation  of  the  shark  cf  bolt. 

Initial  data  for  the  calculatict. 

Material  of  the  belts:  steel  35X. 

Design  pressure  in  the  cylindrical  chaater/camera  p=32  kg/ca2. 

Diameter  of  a  circle  of  the  arrangement  cf  belts  £>*  =  78,5  cm. 

Diameter  of  the  centerline  cf  packicg  Dm  =  72  cm. 
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Complete  ef fort/f crca,  which  effects  on  all  bolts  from  the 
internal  pressure  of  medium, 

Q-0,785Z)^  =  0,785-72*-32*=130000 
Me  accept. 

Quantity  of  bolts  z  =  28. 

Coefficient  of  the  tightening  of  bolt  k=1.8. 


Calculated  effort  fcr  one  bolt 


p,_-£_-L»4»S»_835 Oho, 


Distance  between  tte  celts  (space  of  belts) 


t  3,14-78,5  „„ 

‘  ~  —7-  *= - 28 - "•  8.8  CM. 


Page  214, 


The  nominal  diameter  of  the  tacit 


d*  - U3  +  0,5  -  1 , 13  +  0,5  =  3,2  c*. 
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where  3*«=9500  kg/cm*  -  limit  at  cae  strength  of  steel  35Kh  (on  Table 
37) 

n=6.5  -  a  safety  factor  ice  tae  well  machined  tolts. 

We  accept  d0=3  cm. 

Stress/voltage  in  the  red  cf  the  bolt 
/?,-l,27-g-  =  1,27  ^  =  1620  kg/cm*, 
where  tf,  —  2,56  cm  ~  diaietsr  ci  holt  along  the  feaale  thread. 

Calculation  of  the  f illet/shcuider  of  pin. 

Initial  data  for  the  calculation  (from  the  calculation  of  the  shank 
cf  bolt) . 

Material  of  the  pic:  steai  35*h. 

Calculated  effort  fer  one  pin  Po=8350  kg. 

Nominal  diameter  cf  pm  d0-3.C  cm. 
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The  thickness  of  the  fills t/shoulder  of  the  pin 


5-^=xrr&75 


where  Rtp  -  permissible  shear  stress: 


/?«,- 0,6/?,  =  0,6 -^-=0,6 -fy-=875  *9/c*z; 


a* *9500 kg /cm 2  -  permissible  tensile  stress; 


n=6.5  -  safety  factor  for  the  well  machined  pins 
He  accept  5  =  -^  =  -^  =  10  jot. 

The  diameter  of  the  f illet/shculder  of  the  Fin 

dt=Ydl  +  ^~  J/V+  *  3,63  c 

where  Rcu  -  permissible  crumpling  stress 

/?«  =  1,8/?, *1,8 -£-=1,8 -^  =  2630  *9/cbz. 

He  accept  1,4-30 *42  mm. 


Page  220. 


5  47.  Calculation  of  flanges. 
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Sound  cast  flange. 

Initial  data  for  the  calculation. 

Material  of  the  flange:  steel  45L. 

Limit  of  the  strength  cf  steel  45L:  3#  =  5500  kg/ca2. 

Calculated  effort  fcr  cue  celt  (from  the  calculation  of  bolts) 
Po=8350  kg. 

Diameter  of  the  critical  section/cut  of  flange  (from  the  made 
drawing/draft)  D,  —  74  cm. 

Arm  of  bend  a=4.25  cm. 

Number  of  bolts  z=2£. 


The  thickness  of  the  cast  flange 
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safety  factor  fcr  steer  casting; 


k=1.8  -  coefficient  cf  the  tightening  cf  belts; 


C=0.5  cm  -  addition. 


Circular  welded  flange. 


Initial  data  for  the  calculation. 


Material  of  the  flange:  steel  st.  4. 


Limit  of  the  strength  cf  steel  St.  4  on  "fable  33  o»*=4200  kg/cm*. 


Calculated  effort/fcrce  cn  pin  P0=2G8  kg. 


Radius  of  a  circle  cf  the  arrangement  cf  fins  r0-3/*7S  a*. 

£utCsf''rt  8/  y»  iUj  of  ltou>s  c  *)  £  Y  -  2  7.  S'  C.A1. 

Space  of  pins  t=8.3  cm. 


Diameter  of  hole  under  the  fin  d=2. 5  cm. 


Page  221. 


DOC  =  30040211 


PAGE  ^ 


Calculated  effort/fccce  tc  the  bolt  P0=324  kg 
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Space  of  bolts  t  =  5.S  ca. 

Diameter  of  bolt  hole  a=1.3  ca. 

Arm  of  bend  a-1  .5  ca. 

The  thickness  of  rectangular  flange  will 
. _ SPtA  i  r> _ -j  f  6-3J4- 1 ,5  i  a  i 

S~  V  //*(< —  d)k  '  ^  V  84U (S,9  —  I ,  J)  t .8 
where  /?#s=840  kg/ca2  -  allowable  stress  oc  the 

k=1.8  the  coefficient  cr  the  tightening 

C=0.  1  cm  -  additicr. 

We  accept  s=8  am. 

§  48.  Calculation  of  the  tube  plates. 

Circular  panel  without  the  aronors. 


Initial  data  for  tha  calculaticr. 


be  determined 
—  0,75  cm. 
bend ; 

cf  the  belts; 


f 


.1 
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Material  of  the  tuce  plate:  crass  LC62-1. 

Design  pressure  p=i2  ng/ca2. 

Radius  of  a  circle  cf  the  arrangement  cf  belts  r1=39.25  cm. 

The  mean  diameter  cf  tac*irg  Dnp-  72  CM. 

Cutside  diameter  cf  tures  <CAti> 

Space  of  the  arraiceneot  cf  rubes  on  the  triangle  t=21  cm. 

Number  of  tubes  n=€S0. 

Se  determine. 

Limit  of  the  strengtn  cf  material  (cn  '^atle  39)  <j,=>3800  kg/cm2. 

Coefficient  of  the  atraenuent  of  the  tube  plate  (on  *^ble  65) 

'>  =  0,5. 

Coefficient  cf  weakening  tie  rube  plate  (cn  “^ablei^  67)  <=0.  474. 
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tub* 


Coefficient  of  a 
plate  with  the  pe 
*—  1 

The  safety  factor 


change  in  tae  specific 


ncil  cf  straight  lines 

l^._0563 


ojL 

op 


cf  panel  is  taken  n  =  4 


lead  fer  the  circular 
tubes  (cn  ^able*r68) 


Allowable  stress  in  the  tube  plate 


R  «=JL  =  =  950  ig/ca?. 

•  n  -t 


The  thickness  of  the  tube  plate 

1  - VHr  + .c = /°irm§r  +  °-3  -  ^  «. 

where  C=0.3  cm  -  an  addition. 


We  accept  s=60  n. 


Circular  panel  with  the  aneners. 


Initial  data  for  the  calculaticn. 


Material  of  the  tute  plate:  steel  30 


I 
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Material  cf  connecticns/ccamunicaiicns:  steel  35  Xh 

Design  pressure  p  =  3€  xg/ca2  .Radius  of  a  circle  of  the 
arrangement  of  belts  r^jl.lS  cm. 

Radius  of  a  circle  cf  the  arrangement  cf  anchors  » /V.  S  cm- 

The  mean  diameter  cf  pacxng  &np  s  £  cm- 

Diameter  of  connecticn/coaaucication  alcrg  the  female  thread 
d0=2.54  cm. 

Calculated  bond  lercth  is  1=13.5  cm. 

Number  of  ccnnecticrs/communications  z=6. 

Outside  diameter  cf  tubes  <d  si  l-L*  Cm- 

Space  of  tubes  cn  the  triangle  t=2.  2  ca. 


We  datermine. 
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Ultimata  strength  natenal  (cn  Table*  34)  Vffe^kg/cni2. 

Pcisson  ratio  fcr  steel  (cn  Table  3e)  p  =  C.  3. 

Coefficient  of  the  attacnment  of  the  tube  plate  with  the  anchcrs 
(on  ifable*  65)  t ifJ  -  O'  75"* 

Coefficient  of  weakening  me  tube  plate  (or  "fable#  67)  *=0.52. 

Coefficient  of  a  mange  in  specific  lead  cf  V-shaped  tube  (on 
Table#  68)  S  -  /. 

The  safety  factcr  cf  tne  tube  plate  is  taken  n=4. 

Permissible  stress  in  the  tune  plate 

=  i!99«=  1200  kg/cii*. 
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Specific  load  on  the  tube  plate  we  prelikina  rily  accept 


Pi —  0,55^7  =  0,55*36  =  19,7  kg/ cm2. 
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The  thickness  of  tne  rate  plate  preliminarily  will  be  deterained 
«  «.  r  if  —  VT  7<i  ~\f  0.75- 1  •  19,8  .  -  . 

**  rI  V  W*  ~  37,75  V  '  0,52- 1200  =  4'94  CM~$  CM. 

Load,  which  falls  cr  cccntcticn/communication, 

r.prf-r]y 


P,~ ■{[-»!-  a+4(- 

3,14-36(31,752-  I4,5*F 

:_7f  3175  F7  14,5*  \  Tl  8-5*-0. 52-13,5  f 

®||^  2-14,5*  In  14,3  +  2  (,+3l,75*)(3,,75*-l4,5**j  +  3- 6(1— U,3»)j 

=  41  000 


Kay:  ( 1)  .  kg. 


Full  load  on  the  tuba  plate  and  the  anchor  stays 


Q  =  0,785  D^/>=  0,785- 56,5* -36  =  90  300  kg. 


Load,  which  falls  tc  tne  tuce  plate. 


pt  =  Q  _  P,  =.  90300  -  41  000  =  49  300 


Given  specific  load  on  tea 


P,  49300 

P*  ~~  0,7850 *  “  0.785-56,5* 


tune  plate 


kg/ca*. 


The  thickness  of  the  tube  plate 
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where  C-0.1  -  an  addition. 


Me  accept  s=52  bid. 


Stress/voltage  in  the  anchor  stays 


n' _  _ 41000  _  . 

K*  0,785 -aj-*  o, 785-2, 54*-«  “  ,d0U  K^/ca 


Safety  factor  in  anchor  in  the  anchcr  stays 

_/  3*  9500 

"  “-^”I350  “7* 

where  o*=»9500  kg/cn*  -  liait  of  the  strength  cf  the  material  of 
conn  actions/comaunicaticns. 
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Rectangular  panel  without  the  anchors. 


Initial  data  for  the  calculation. 


Material  of  the  tube  plate:  brass  LS59-1, 


design  pressure  p=5  K^/ca* 


Large  side  of  rectangle,  limted  by  the  centerline  of  belts. 
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a=53  cm. 

Smaller  side  of  rsctdagla,  limited  by  the  centerline  of  bolts, 
b=  1 2.  2  cm . 

Outside  diameter  cf  tubes  <?L  z 

Space  of  the  arrangement  of  tubes  in  the  series/row  tt=15  cm. 

Spac9  between  the  series/rcws  of  the  tubes  with  t2=1.25  cm. 

Number  of  tubes  n*1B9. 

Se  determine. 

Limit  of  the  strengtn  of  material  (cn  *^ible#  39)  «,s*3500  kg/cm*. 
Relation  x  -  fO - 4,34. 

Coefficient  of  the  attachment  of  tube  heel  pads  (in  Table#  66  in 
depending  on  relation  a:bjt  -^  =  0,625. 

Coefficient  cf  weakening  the  cube  plate  (on  ^afcle#  67)  e=0.583. 


i 


1 
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The  coefficient  of  &  cnange  in  the  specific  load  for  the 
rectangular  tube  plate  wita  tne  pencil  of  straight  lines  tubes  (on 
-fable#  68)  : 


*  =  1  “  0.785-^-  =  1  -  0,785  -  0.77. 

-P»e  safety  factor  ct  the  tube  plate  is  taken  *,*45 


Allowable  stress  in  the  tube  plate 


**-~S-S?-7ao 


The  thickness  of  the  tubs  plate 

*=bY  Yh  +  C=B  12'2^;Si+0■, 

where  C=0.  1  cn  -  allowance. 


Me  accept  s=12  on. 


Rectangular  panel  with  tie  archers. 


Initial  data  for  the  calculation. 


Material  of  the  tubs  plate:  steel  alloyed. 


Material  of  connecticns/ccaeunicaticns:  steel  35  kh 
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Design  pressure  p  =  10  xg/cm2. 

Pag*?  225. 

Largs  side  of  rectangle,  United  by  the  centerline  of  belts, 
a  =  264  cm. 

Smaller  side  of  rectangla,  limited  by  the  centerline  of  belts, 
b*  11 1.6  cm. 

Number  of  series/rews  cf  ccnnactions/ccmmunications  n,  =  2. 

Number  of  connecticns/ccamunications  in  series/row  n2  =  9. 

Distance  between  the  axial  celt  holes  and  the  extreme  serias/rew 
cf  conn ections/ccimunica tiens  c*=4Q.6  cm. 

Distance  between  tte  series/rews  of  connecticns/communicaticns 
c2=30.4  cm. 

Distance  between  ccnnecticrs/ccmmunicaticns  in  the  series/row 
c3=25. 2  cm. 


Diameter  of  connectacn/ccn aunication  alcrg  the  female  thread 
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d0  =  3.  08  cm. 


Outside  diameter  cr  tunes  ^•==M  cm.. 


Space  of  the  arrai^eoent  of  tubas  in  the  series/row  tt=2.1  cm. 


Space  between  the  series/rcws  of  the  tubes  with  t2=1.9  cm. 


Number  of  tubes  n=6100. 


The  width  (greatest)  of  the  designed  section  of  panel  is 
r*Cj-40.6  cm. 

J  O  fat 

Relation  —  =  ^ *  6,5. 

Coefficient  of  the  attacnment  of  the  tube  plate  (on  tables  66  in 
depending  cn  a:ct)  ,  i»  — 


Coefficient  cf  weakening  the  tube  plate 

?  - 1;-  0,785  - 1  -  0,785  =  0,614. 

Coefficient  of  a  change  in  the  specific  load  fcr  the  rectangular 
tub®  plate  with  the  pencil  of  straight  lines  tubes  (on  “^able#  68) 

—  1  -0.785-^  -  1  -0*785 


0,682. 
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He  determine  (on  the  tailes) . 

Limit  of  the  strengtn  of  alloy  steel  at  temperature  of  nail 
fw-HC0°C,  3^  =  3600  kg  cm2. 

Ultimate  strength  stopped  35X:  «*«=  9500  kg/cm2. 

the  safety  factor  cf  me  tuba  plate  is  taken  «*■=  4. 

Allowable  stress  in  the  cute  plate 

=■* ~~ «*=  **  900  ng/cm2. 

The  thickness  of  tte  tube  plate 

5  -  e-  V%  +  C  -  40,6  f-Sr-  +0.2-3.8  cm. 
where  C-0.2  cm  -  an  addition. 

He  accept  s=40  mm. 
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Load,  which  falls  tc  one  ccnnection/coamunication. 


Px  —  0,5  (c,  +  ct)  ctp  -  0,5  (40,6  +‘30,4)  25,2-10  —  8900  k  g 
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Stress/voltage  in  tfca  anchor  stays 


0,785<ij}  0,785  3, 08*  "*  120^  *9/CH2. 


Safety  factor  in  ccrnecticrs/ccmmunicaticns 

'  _79 
»  #  1200 

§  49.  Calculation  of  the  condensation  capacity  cf  apparatus. 

Initial  data  for  tha  calculaticn. 

Pressure  within  the  housing  or  apparatus  p*0.9  kg/cm*. 

Temperature  of  medium  in  the  intertube  space  tl=116.3°C, 

Mean  temperature  cf  medius  in  the  tubes  cf  apparatus  t2  = 

Temperature  of  apparatus  during  assembly  t3=15°c. 

Temperature  of  surrcunding  air  t4=30°C. 


Material  of  the  housing:  steel  St.  3. 


75°C. 


..  r.‘-  1  a  ' _ 
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Material  of  the  tuces:  crass. 

The  length  of  tubes  and  ncusings  is  1=1.8  m. 

Diameter  of  housing  ^.  =  0,55 

Tha  wall  thickness  cr  the  tubes  with  s,=1  no. 

The  wall  thickness  cr  housing  is  s2=4  m. 

We  determine  (on  "fable#  3d),  "fhe  coefficient  of  the  linear  expansion 
of  the  material  of  housiry  cn  1°C,  0, = 1 . 25» 1C*S . 

Coefficient  of  the  linear  expansion  of  the  material  of  tubes  on 
1°C,  0j,=  1.9*1O-*. 

For  (let ar mining  the  tesperature  cf  wall  we  accept. 

Heat-transfer  coefficient  from  the  vapcr  to  the  walls  of  housing 
and  tubes  with  a  ^6600  kcal/a4h  °C. 

Heat-transfer  ccefliciect  frcn  the  wall  cf  housing  to  the 
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surrounding  air  a2=10  kcal/m^n  °C. 

Heat-transf er  coefficient  frca  the  nail  cf  tubes  to  the  water 
<*3  =  4100  kcal/m2-hour  °C. 
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Coefficient  of  the  taeraal  conductivity  cf  brass  \!=90 
kcal/ni*,h0C. 

Coefficient  of  the  thermal  conductivity  cf  steel  k2=50 
kcal/m-h°C. 


Temperature  of  the  internal  surface  of  the  wall  cf  the  tube 

f  _V«  +  'Vi^i  WOO-75 -f 6150- 116,3 
"•  ■t+*i  4000  +  6150  ~  1U«  C, 


where 


_£i_, _ [  ^ 0,001  i  =*6150. 

*1  +  «1  90  +  6600 


where 


Temperature  of  the  external  surface  of  the  wall  of  the  tube 

*’ - fl+itSj?;_  13+ 1 1 6, 3- 6600- 0.000261 

CT«  1  +  1  +  6600-0,000261  ~  l0loC, 


** ~  i  +  TT  "  4*io  +  T?  "  0.000261 . 


Mean  temperature  cf  tne  wall  cf  the  tube 

t„t  —  0,5  (/„,  +  Q  =  0,5  ( 100  +  101)  ss  100P  C. 

Temperature  of  the  internal  surface  of  the  wall  cf  the  housing 


•s» 
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V  V.  +  -V4  6600-116,3  HQ-30  , 

CT*  «t  +  A»  6600  +  10  “  1  lo-‘6 


where 


Al~  *,  +  I  0,004  I  “  10‘ 

h  *  ~sr +  To 


Temperature  of  the  external  surface  of  the  wall  cf  the  housing 


where 


,  .  _  *1 -f /4j,a,  116,3  +  30-10-0,000232  _ ties/-* 

1+a.fl,  I  +  10- 0,000232  ,JO 


Mean  temperature  ci  the  wall  cf  housing 

t„t  -  0,5  (t^  + 1^)  =  0,5  ( 1 10,2  +  1 16)  srl  1 6*  C. 
Elongation  cf  tube  under  tie  action  of  a  difference  in  the 


temperatures 
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— 1.9-I0-*  •  1,8(100— 15) *=0,0029 x*  =  2,9  mm. 


Elongation  of  heusirg  under  the  action  cf  difference  of 


temperatures 


a/,-p,/(fw  -g-1,25  10-*  -1,8(116-  15) =0,00227  -2, 27mm. 


Difference  in  the  elongations  of  tubes  and  housing 

M  —  il,  -U,  *  2,9  -  2,27  =»  0,63  mm. 

The  effort/force,  whicn  appears  in  the  housing,  called  by  the 
elongation  of  the  tubes 


p,—  y,&w^.aao  kg. 
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where  Fr  -  cross-sect iccal  area  or  tube,  equal  (with  its 
average/mean  diameter  <*e=*l,5  c.«) 

Fr^r^  *=3.14. 1,5 -0.1  =0,47  cm*- 

E,=  1«  0«  1 0 *  kg/cm2  -  the  BOdulus  or  elasticity  cf  brass  on*jTatlei 
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The  permissible  lead  on  tae  extraction  cf  the  ends  of  the  tubes 


Pm»x  —  /?.«  r-d*y  =  40 •  3,14  •  1 ,6- 2  =  400  leg  , 


where  ^,„  =  40  Jcg/cm2  -  allowable  stress  for  the  rolled  tubes  (see 
Fage  206)  ; 


da*a\fi  cm  -  outside  diameter  cf  the  tubes; 


y =2  cm  -  depth  cf  rclling/lapping  tube. 


The  need  of  applying  the  compensator  is  determined  from  the 
following  re laticnsh i fs/zatics 


/?  — 800  </?,*,  =  900  *  g/  c  m  2  , 


(here  900  kg/cm2  -  allowable  stress  in  the  wall  of  the  housing 


HI 


1 
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P4  =*  165  <  Pmtx ■» 400  *g. 

On  the  allowable  stresses  and  the  leads  cn  this  apparatus  of 
compensator  it  is  not  required. 

§  50.  Calculation  of  the  expansion  bellows. 

Initial  data  for  the  calculation. 

Material  of  the  lensas:  steel  st.  3. 

Pressure  of  medium  in  the  compensator  p=4  kg/cm*. 

Diameter  of  the  housing  cf  apparatus  (ever  the  mean  section) 
d2=55. 4  cm. 

Amount  of  the  deformation  cf  compensator  A1=0. 126  cm. 

Sizes/dimensions  of  compensator  we  accept. 

Number  of  lenses  in  compensator  z=1. 
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Diameter  of  the  lees  cf  ccipensatcr  (over  the  mean  section) 
dt=69.6  cm. 

aaiii  of  bending  cf  lenses  r1=ra=r=3  cm. 

Have  height  of  the  lens 

H  —  0,5  (dt  -  dt)  =  0.5  (69.6  -  55,4)  =  7. 1  cm. 

The  straight  oorticr  cx  tne  lens 

/  =  «-2r=7.1  — 2-3-1, 1  cm. 

The  wall  thickness  cf  the  lens 

s=0.67.//|/^  =  0,67.7,l)/J-0,32  cm, 

where  /?#=»9oo  kg/ca*  -  tne  allowance  stress  accepted  fer  steel  St.  3. 

He  accept  s=4  mm. 

Fage  230. 


The  amount  of 
compression  cn  -  ^ 

where  plus  sign  is 


the  deformation  of  one  lens  during 

A*  =  ±-^  =  ±^“±0,063  cm, 

-  week  or  lees  cn  the  elongation; 


its  preliminar 


minus  sign  is  -  operation  cf  Jens  cn  compression 
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Effort/force  from  (.he  iitecnal  pressure,  received  by  the  walls 
cf  Ians, 

.  P*  —  0.785/>  {d\  -  d])  =  0,785  •  4  (69, 62  -  55,4*)  —  5500  k  g . 


Effort/force  from  the  internal  pressure,  which  disrupts  the  wall 
cf  lens  according  to  disaster  dlf 


P  —P 

^  A  — *0 


rf,  -f-rf. 


>5500- 


=  3060  leg, 


The  reaction,  compressing  the  wall  cf  lens  along  diameter  <*»» 


Pa  —  P0 -PA  —  5500  -  3060  =  2440  kg. 

The  mean  diameter  ct  the  lens  of  the  ccnpensatcr 
rftp  =  0,5  (rf,  +  rf:)  =  0,5  (69,6  +  55,4)  —  62,5  cm. 

"loment  of  the  inertia  cf  the  cross  section  of  the  wave  cf  lens, 
rectified  according  to  its  Bean  diameter, 

/ „  -  0,262rfC(,sJ  —  0,262- 62,5-0,4*  —  1,05  cm*. 

Coefficients  of  the  configuration  of  lens  for  case  of  C|=r2=r 
and  1/0  according  to  the  data  cf  9  43: 
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zb~n(l£s^lr*  +  \r(r  +  t)  +  -y]l  + 

+  r  (4  (r  +  l?  +  2  (r  +  0  r  +  -J-  '*]}  -  2  ®>-  3*  + 

+  [3(3  +  1.1)  +  U  +  3[344  (3  +  U)*  +  2(3  8- 1.1)8  + 
4_  3*||  =-  403,2  cm *; 

Za=*nt(*-2)r*  +  (2r  +  l)l  +  r[«(r  +  l)  +  2r\}=- 

_2  ((3,14  -  2)3»  +  (2-3  +  1.1)  1,1  +  3(3.14(3  +  1.1)  + 

+  2-3J}  —  149.2  cm*. 


The  reduced  length  c£  wall  cf  lens  for  the  same  case 
jX«=*(*r  +  Q~2(3.14.3+  1,1)- 21,04  cm. 

Here  n=2  -  number  is  half  lens  in  the  ccnpensator. 


The  force,  appearing  in  the  ccmpensator  frcro  the  deformation  of 
c.ne  lens  to  value  *-ax,  is  decermaned  frcm  the  formula 

D  _  2.2- !0M. 05  0.063 

r** — T5T  = - 149  2?  =1040  *2. 

W'2-iS4 

Key:  (1).  Kg. 


where  B«2.2*10®  kg/cm2  -  modulus  of  elasticity  of  the  material  of 
lens. 


Pinching  moment/tcrgue,  caused  by  the  defornaticn  of  lens. 
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Total  bending  stress 

+  /?,» 640  +  566  =  1206  sg/ca*. 
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where  the  plus  sign  -  witn  toe  wcr*  of  compensator  cn  the  elongation 


minus  sign  is  -  with  the  work  of  compensator  on  compression. 


Stress/voltage  on  the  breakage  from  the  irternal  pressure 


xy/CB** 
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Resulting  stress/ voltage  in  the  critical  secticn/cut 


/  %  +  R> * / 1206*  +  348a -  1250  *9/«*. 
Axial  force  in  the  housing  cf  the  apparatus 


Pc  — /,fl  +  P,=*2440+  1040=3480  *9- 


Stress/voltage  in  the  wall  cf  lens  in  the  place  of  fastening  to 
the  housing  of  the  apparatus 


n'  _  Pc  3480 

”  wJ'jj  “3, 14  55.4  0. 4 


gg  kg/C»2. 


DOC  =  30040212 


E  AGE 


Fiqe  233. 


ppfeMMftNHme?'  a  pp  en  d  i  c  e  s . 


3£SS3  3SS88  6  §  fci  8  S  §5588  &  8  8  8  3  38888 


Key:  (1).  Temperature  t  cf  °C.  (2).  Saturation  pressure  p  at-*i(abs.). 

(.1)  ,  Specific  voluae  of  water  at  saturation  pressure  *•  »Vkg* 

(4).  specific  volume  of  va*or  *  a3/kg.  <5)  •  Specific  gravity/weight 
cf  vapor  r  icg/a3.  (6).  fntaalpy  (enthalpy).  (7).  liquid  q  kcal/kg. 
(9).  vapor  i  kcal/kg.  (9).  heat  of  vaporization  r  kcal/kg.. 
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Table  2.  Saturated  by  *atar  vapcr  jon  the  pressures 


CO 

Atumt 

MCMIO^ 

mi 

P 

MU 

a) 

*TP* 

*C 

c3) 

y«iJM ima 
o6>bm 

BOOM 

npm 

ltd JiCNNM 
MBCWUe- 
HNS 

M'lKt 

C+) 

/lUbni 

o &%tm 

mp4 

9 

m'Ikz 

iff) 

•CC 

HBpB 

1 

HUM* 

(TcnjocoiepwiKHt) 

C9) 

Tern  ttb 

Hcrupc- 

■Mfl 

r 

KKaA’.Kl 

n) 

ttMSOCTtt 

9 

KHOAlKt 

f8) 

nipt 

l 

KMOAlMi 

0  01 

6.7 

0.001000 

131.60 

0.00760 

6,7 

600.2 

Spffill 

0.015 

12.7 

0.001001 

89.63 

0.01 1 1<> 

12.3 

602.9 

BE?  ••  1 

0.02 

17,2 

0.001001 

68,25 

0.01465 

17.3 

604.9 

1 

0.025 

20,8 

0.001002 

55,27 

0,01809 

20,8 

606.4 

5*5.6 

0.03 

23.8 

0,001003 

46,52 

0.02150 

23.8 

607,8 

584,0 

0,04 

28.6 

0.001004 

35,46 

0.02820 

28.7 

609.8 

581,1 

0,05 

32.6 

0,001005 

28,72 

0,01482 

32,6 

611.5 

578,9 

0.06 

35.8 

0.001006 

24,19 

0.04131 

35.8 

612.9 

577.1 

0  08 

41.2 

0.001008 

18,45 

0.0.5420 

41.2 

615,2 

574.0 

45,5 

0.001010 

14,95 

0,06689 

45,5 

617,0 

571.6 

49.1 

0.001012 

12.59 

0.07943 

49.1 

618.6 

569,5 

53.6 

0.001014 

10,20 

0,09804 

53,6 

620.5 

566.9 

59,7 

0.001017 

7,739 

0,1284 

59.7 

623.1 

563.4 

64.6 

0.001020 

6.318 

0,1583 

64.5 

625,0 

560.5 

68,7 

0.001022 

5,324 

0,1878 

68,7 

626,8 

558.1 

0.35 

72,3 

0.001024 

4,613 

0.2170 

72,2 

628,2 

556.0 

0.40 

75  4 

0.001026 

4.066 

0. 2459 

75,4 

629.5 

554. 1 

0, 15 

78  3 

0.001028 

3.641 

0.2746 

78,3 

630.6 

552,3 

0.5,0 

80.9 

o.ooiaio 

3,299 

0,3031 

80,9 

631.6 

550.7 

0.60 

85.5 

0,001033 

2.782 

0,3595 

85,5 

633,5 

548,0 

0,70 

89.5 

0,001016 

2,409 

i|V 

89,5 

635,1 

545.6 

0.80 

93,0 

0.001038 

2,125 

I'M 

93.1 

636,4 

513.3 

0.90 

96.2 

0.001011 

1.903 

|i  jf. 

96,3 

637.6 

541.3 

1.0 

99,1 

0.001043 

1.725 

0,5797 

99,2 

638,8 

539,6 

J.l 

101.9 

0,001045 

1,578 

0,6137 

101,9 

639,8 

537,9 

1.2 

101.3 

0,001017 

1.455 

0,6873 

104,4 

640.7 

536.3 

1.3 

106,6 

0,001049 

1,350 

0,7407 

106,7 

641,6 

534.9 

1.4 

108,7 

0,001051 

1.259 

0,7943 

108.9 

642,3 

533,4 

1,5 

110.8 

0,001052 

1.181 

0,8467 

111,0 

643,1 

532.1 

1.6 

■  H 

6,001054 

l.lll 

0,9001 

113,0 

643,8 

530,8 

1 .8 

B  Jr* 

0.001057 

0.9954 

1,0016 

116.6 

615.1 

528.5 

2.0 

■  Xfl 

0.001 060 

0.9018 

1 , 109 

119,9 

616.3 

5.'),  4 

2.2 

122,7 

0,001063 

0,8248 

1,212 

121,0 

617,3 

524.3 

2.4 

123,5 

0,001065 

0.7603 

1,315 

125,9 

648.3 

522,4 
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128.1 

0.001068 

0,7055 

1,417 

130,6 

0.001070 

0,6581 

1,520 

132,9 

0.001073 

0,6169 

1,621 

135.1 

0.001075 

0,5807 

1,722 

137,2 

0,001077 

0,5486 

1,823 

139,2 

0,001079 

0.5199 

1,923 

141, 1 

0,001081 

0,4942 

2,024 

142,9 

0,001083 

0.4709 

2,124 

147,2 

0,0010«8 

0,4215 

2,373 

151. 1 

0,001092 

0,3817 

2,620 

154,7 

0,001096 

0,3491 

2,871 

158.1 

0,001100 

0,3214 

3,111 

161.2 

0,001104 

0.2981 

3,356 

164,2 

0.001107 

0,2778 

3.600 

167,0 

0,001111 

0.2603 

3,843 

169.6 

0.01)1114 

0.2118 

4,085 

172.1 

0.001 1 17 

0.2312 

4,327 

174,5 

0  00 1 120 

0.2189 

4,568 

176.8 

0  001123 

0.2079 

4.811 

179,0 

0.001126 

0.1980 

5.051 

183.2 

0,001132 

0,1808 

5.531 

187,1 

0.001137 

0.1663 

6.013 

190,7 

0.001143 

0.1540 

6,494 

194. 1 

0,001148 

0.1434 

6,974 

197,4 

0.001153 

0,1312 

7.452 

200.4 

0,001157 

0.1261 

7,930 

203.4 

0.001162 

0,1189 

8,410 

206.1 

0,001166 

0,1125 

8,889 

208.8 

0.001171 

0.1067 

9,372 

211,4 

0,001175 

0,1015 

9,852 

213.9 

0,001180 

0.09676 

10,34 

216,2 

0.001183 

0,09245 

10,82 

218,5 

0,001187 

0,68319 

11,30 

220.8 

0,001191 

0,084*6 

11,78 

222,9 

0.001195 

0,08150 

12,27 

j 

128,5 

649,2 

520.7 

131.1 

650,0 

518.9 

133,4 

650,7 

517,3 

135,7 

651,4 

515,7 

137,8 

652,1 

514,3 

139,9 

652,8 

512,9 

141.8 

653,3 

511,5 

143,7 

653,9 

510,2 

148,1 

655,2 

507,1 

152,1 

656,3 

504,2 

155.9 

657.3 

501,5 

159.3 

658,3 

498,9 

162,6 

659,2 

496,5 

165,7 

659,9 

494,2 

168.6 

660,6 

492,0 

171.4 

661,2 

489,8 

174.0 

661,8 

487,9 

176,5 

662,3 

485,8 

179.0 

662,8 

483.9 

181,3 

663,3 

482,1 

185,7 

664.1 

478,4 

189.3 

664,9 

475.1 

193.6 

665.6 

472,0 

197,3 

666,2 

468,9 

200.7 

666,7 

465.9 

204,0 

667,1 

463,1 

207,2 

667.5 

4t0,3 

210,2 

767,8 

457,6 

213,1 

668,2 

455.1 

215.9 

668,5 

452.6 

218,6 

668,7 

450,1 

221,2 

668,9 

447,7 

223,3 

669,0 

445,2 

226,2 

669,2 

443.0 

228,6 

669,3 

440,7 
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K«*y:  (1).  Saturation  pressure  p  at**(ab3.).  (2).  Temperature  t  <>c. 
(3).  Specific  volume  cf  fcater  at  saturation  pressure  *■  m3/kq.  (4). 
Specific  volume  of  vapcr  »  ng/a*.  (5).  Specific  gra vity/weigfct  of 
vapor  r  kg/m*.  (6).  Enthalpy  (sntaalpy)  .  (7).  liquid  q  kcal/kg.  (8). 

vapor  i  kcal/kg.  (9)  .  Heat  of  vaporization  r  kcal/kg. 
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tfontinuation  Table  1. 


t,  °c 

atm 

\ 

90 

ICO 

120 

140 

160 

180 

200 

220 

9 

0,0234 

0,0199 

320 

i 

677,7 

666,0 

V 

0,0255 

0,0221 

0,0168 

0,0125 

340 

i 

698.2 

689,4 

669,1 

642,8 

9 

0,0274 

0,0240 

0,0187 

0,0147 

0,0115 

0,0086 

360 

i 

715,4 

708,6 

692.8 

674,5 

651,8 

620,3 

9 

0.0291 

0,0256 

0,0203 

0,0161 

0,0133 

0,0108 

0.0087 

0,0066 

380 

i 

731,0 

725.3 

712.7 

698,7 

682,4 

663,6 

640,3 

607,0 

9 

0,0307 

0,0271 

0.0217 

0,0178 

0,0147 

0,0123 

0,0103 

0,0086 

400 

i 

745,5 

740,6 

730,1 

718,7 

706,0 

691.8 

675.8 

657,0 

V 

0.0322 

0,0285 

0,0230 

0,0190 

0,0159 

0,0135 

0,0116 

0,0099 

420 

1 

759,1 

754,9 

745.9 

736,3 

725,9 

714,7 

702,2 

688,8 

V 

0.0336 

0,0298 

0.0242 

0,0201 

0.0170 

0.0146 

0,0126 

0,0110 

440 

i 

772,4 

768,6 

760,7 

752,4 

743,6 

734,2 

721.1 

713.5 

V 

0.0350 

0,0311 

0.0253 

0.0211 

0,0180 

0.0155 

0.0135 

0,0119 

460 

i 

785,3 

781,9 

774,8 

767,4 

759,7 

751.6 

743,2 

734,2 

V 

0,0363 

0,0323 

0,0261 

0,0221 

0,0189 

0,0164 

0,0141 

0,0127 

480 

i 

797,8 

794,8 

788,4 

781.7 

774,9 

767.8 

760.6 

752,8 

soo 

9 

0.0376 

0,0335 

0.0274 

0.0231 

0,0198 

0,0172 

0.0151 

0.0135 

i 

810,1 

807,3 

801,5 

793,6 

789,5 

783,2 

776,7 

769.9 

V 

0.0-107 

0.0364 

0.0299 

0,0253 

0,0218 

0,0191 

0.0169 

0.0151 

OOU 

i 

840,0 

837.7 

833,2 

828.4 

823,6 

818,7 

813,7 

*08,5 

9 

0.0437 

0,0392 

0,0323 

0,0274 

0,0237 

0.0208 

0,0185 

0,0167 

i 

869,3 

867,4 

863,6 

859,8 

855,9 

851,9 

847,8 

843,7 

9 

0,0467 

0,0418 

0,0316 

0,0294 

0.0255 

0,0225 

0,0201 

'  0,0181 

ww 

i 

898,2 

896,7 

893,5 

890,3 

887,0 

883,8 

880,4 

876,9 

9 

0,0495 

0,0444 

0.0368 

0,0313 

0,0272 

0.0240 

0,0215 

0,0194 

i  UU 

i 

927,1 

925,9 

923,1 

920,3 

917,6 

914,8 

911,9 

909,0 

The  designations: 

*  -  specific  voluae  or  vapcr,  a3/lcg;  i  -  enthalpy  (heat  content) 


cf  vapor,  Kcal/tcg;  p  -  prassura. 


ata(abs.);  t  -  teaperature,  °C 
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Table  4.  Physical  parameters  or  water  vapor  cc  the  line  of 
saturation. 


01 

T«Mne- 

patypa 

/•c 

CaS 

P 

am  ft 

131 

yiMkMMI) 

Mt 

7  KllM3 

0*1 

Yituhnn 
t  cnMti>. 

KDCTfc 

KKaJlKt  *C 

(SI 

Ksx^naMcirr 

niuonpotoM- 

tfOCTM 

10»  X 

JtKOJ/ M-HOC  *C 

CC.1 

Ko«^Hincirr 

Tt«n«piT7PO- 

npoMiitocn 

ltf*a 

M’liae 

m 

Omutat- 

«cn> 

wuKOcn 

1C>  , 
«  -  cm/jH 

(8) 

nmcCKifl 

MSVOCTb 

100 

1.03 

0.598 

0.48 

2,08 

72,5 

1.23 

20,15 

110 

1,46 

0,827 

0.49 

2.23 

55,1 

1,30 

15,43 

120 

1,121 

0.50 

2.37 

42,7 

1,36 

11,88 

130 

1.496 

0.52 

2.40 

30,9 

1.40 

9,17 

140 

1.966 

0.55 

2.45 

22,6 

1.44 

7,18 

4.85 

2,547 

0,57 

2,59 

17.4 

1.51 

5,80 

160 

3.258 

0.60 

2.64 

13.50 

1,55 

4,67 

170 

8.05 

4,122 

0.62 

2.75 

10,75 

1,60 

3,80 

ISO 

5.157 

0,85 

2.86 

8.55 

1.64 

3,12 

190 

12.80 

6.394 

0.69 

2.98 

6,75 

1.67 

2,59 

:oo 

15,86 

7.862 

0.72 

3,10 

5,48 

1,73 

2,16 

210 

19.46 

9.588 

0.77 

3,22 

4,37 

1.78 

1,82 

220 

23.66 

11.62 

0.82 

3.33 

3,50 

1,83 

1.54 

2.70 

28.51 

13,99 

0.87 

3.44 

2.83 

1.88 

1.32 

240 

34.14 

16.76 

0.95 

3.66 

2,30 

1,93 

1. 13 

250 

19,98 

1.01 

3.88 

1.92 

1,98 

0,974 

2C0 

47.87 

23,72 

1.08 

4.10 

.1.60 

2.04 

0.843 

270 

56.14 

28,09 

1.19 

4.31 

1.29 

2.10 

0,732 

250 

65.46 

33,19 

1.30 

4,55 

1.05 

2.16 

0,637 

290 

73.92 

39.15 

1.51 

4,88 

0,81 

2,22 

0,557 

ES 

87.61 

46.21 

1,65 

5.40 

0.71 

2,29 

0,487 

310 

54.58 

1,88 

5.80 

0,56 

2,37 

0,425 

3.0 

115.12 

64.72 

2,20 

6.33 

0,44 

2,45 

0,372 

330 

131.18 

77.10 

2,56 

Bl 

0.35 

2,55 

0,325 

340 

148.90 

92.76 

2.80 

■9 

0,108 

2,67 

0,282 

310 

168.63 

113.6 

0,203 

2,82 

0,243 

.160 

190.42 

144  0 

5.00 

10,60 

0,148 

3,03 

0,207 

170 

214,68 

203,0 

mm 

13.20 

0,093 

3,45 

0,169 
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Key:  (1).  Temperature  ci  t°C.  (2).  Pressure  p  ata(afcs.).  (3). 
Specific  gravity/weight  7  *g/i3.  (4).  Specific  heat  c p  kcal/kg 

°C.  (5).  Coefficient  of  theraal  conductivity  10*  X  kcal/a-hour  0 
(6).  Coefficient  of  theraal  diirusivity  103a  a2/h.  (7).  Dynamic 
viscosity  10*  p  kg«s/m2.  (d) -  Kinematic  visccsity.  (9).  a3/s. 
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Table  5.  Physical  paraaetars  roc  the  dry  air  at  p=l  atm(abs.). 
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Kay:  (1).  Temperature  t  °C.  {2)  .  Specific  gravity/weight  y  kg/m* 

(3).  Specific  heat  Cp  xcal/kg  °C.  (4).  Coefficient  of  thermal 

conductivity  102  X  kcal/a-aour  °C.  (5)  .  Coefficient  of  thermal 
diffusivity  102a  m2/h.  (6).  Dynamic  viscosity  10*  m  kg-s»m2.  (7). 

Kinematic  viscosity.  (8).  a2/s. 
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Key:  (1).  Temperature  t  °C.  (2).  Pressure  f  atm(abs.).  (3). 

Specific  gravity/weight  j  jcj/b3.  (4).  Specific  heat  c. p  kcal/kg 
°C.  (5)  .  Coefficient  of  theraai  ccnductivity  X  kcal/m-hour  °C.  (6)  . 
Coefficient  cf  thermal  ccnductivity  10*  a  m2/h  °C.  (7).  Dynaaic 
viscosity  104  m  kg-s/m2.  (fa).  Kinematic  visccsity  10‘  »  a2/s.  (9). 

Coefficient  of  104  3  1  °C. 
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Table  7.  physical  paraaeters  cf  turbine  oil  Cl 


(M 

ui 

(2>l  1 

Vie-ikHM 

TCH-IO* 

ewXOCTk 

»uf«i  *C 

KiMitxpH- 

£S"> 

Koxtxpit- 

|  ((.UtHim 

TeianC' 

|»TyP« 

1  *C 

yiCAkHUfl 

■CC 

T  KtfJ* 

aM«HT 
Tefuonpo* 
MXMOCTW  ! 

X 

**<>.«/ Jt-fOl 

•c 

UHCKT 
rewncpa- 
ryponpoaoi- 
•OCTH  10*  a 
M*lnae 

CfcO 

MCCKS1 

10*  (1 

«  •  «*/»• 

iHneu«* 

TKHCCMS 

IU** 

mVc«k 

s rptjyc Ml 
Sarxtp* 

0 

912 

0.422 

0,1119 

2,91 

72  500 

780 

105 

5 

909 

0.426 

0,1116 

3.05 

46  200 

500 

68 

10 

905 

0,43 

0,  HI3 

3,19 

31300 

340 

46 

IS 

902 

0,434 

0,1110 

3,32 

20  950 

228 

32 

20 

899 

0.438 

0,1107 

3,45 

14  800 

162 

22 

25 

896 

0.442 

0,1104 

3,605 

10500 

115 

15,5 

30 

893 

0.447 

0.1101 

3,73 

7550 

83 

11,5 

35 

889 

0.451 

0.1098 

3,87 

1  5660 

l 

62,5 

8.5 

40 

886 

0.455 

0, 1095 

4,0 

4  420 

49 

6,8 

45 

883 

0.459 

0,1092 

4,12 

3440 

38.2 

5,4 

a 

880 

0,4635 

0,1089 

4,24 

2780 

31 

4,25 

55 

877 

0,468 

0.1086 

4,37 

2235 

25 

3,62 

60 

873 

0.472 

0.1083 

4.51 

1825 

20.5 

3,05 

65 

870 

0.476 

0.1080 

4,64 

1515 

17,1 

2,62 

70 

867 

0.4805 

0.1077 

4.74 

I  290 

14,6 

2.35 

75 

864 

0.135 

0, 1074 

4.86 

1  110 

12,6 

2.12 

80 

861 

0,489 

0, 1071 

4,98 

939 

10,7 

1 

85 

857 

0.493 

0.1068 

5,11 

— 

—  ’ 

— 

90 

854 

0,4975 

0,1065 

5,24 

— 

— 

— 

95 

851 

0.5015 

0.1062 

5,36 

— 

— 

— 

100 

848 

0,506 

0.1059 

5.48 

' 
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Kay:  (1).  Temperature  t  aC.  (2).  Specific  gra vity/*eight  7  kg/m 
(3).  Specific  heat  cp  ucai/kg  °C.  (4).  Coefficient  of  thermal 

conductivity  X  kcal/m-fccur  °C.  (5).  Coefficient  of  thermal 
diffusivity  10*  a  m2/  hour.  (6).  Viscosity.  (6a).  dynamic  10*  m  kg 
s/m2.  (6b).  kinematic  1G6  V  a3/s.  (6c).  in  the  Engler  degrees  °E 
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Table  8. 


Physical  parameters  cf  turDine  oil  f. 


(n 

Ttx*- 

p*rrp» 
/  *c 


0 

5 

10 

15 

JO 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 


<2.1 

yiejbNwft 

Mt 

r  *tl** 


(31 

YlMMUl 

T  c  n  ,u> 
CM. OCT. 
<„ 

KKaAltt  *C 


900 
904,5 

901 
898 
895 
892 


0,426 

0,43 

0,434 

0,438 

0,4425 

0,4465 


888 

885 

882 

879 

876 

872.5 

809.5 
806 
863 
860 


0.451 

0.455 

0,459 

0.463 

0.467 

0,472 

0.476 

0,48 

0,484 

0.4885 


856 .5 

853.5 
850 
847 


0,493 

0,497 

0,5015 


fco«fr*N- 

UMtHT 

T«n4onp*>- 

■CUHOCTN 

X 

KKOA.'M-IOC 

•c 

CS) 

K09$$W- 
UMCHT 
TCMflCpa* 
TyponpoHot- 
MOCTH  10“  a 
mVvoc 

(fc)B 

IIIICT 

((*}  ! 

JNHlMM* 

*4<c*3a 

I0»  i* 

Ki  <■/.!*«• 

<Wb) 

kMNCMJ- 

TOItClIt 
Vfi  . 

*Y s 

C6>c) 

»  rpaa>c«i 
!  3i*r.*ep« 

■E 

0,1125 

2,89 

152  800 

1650 

225 

0,1122 

3,03 

1 

92000 

1000 

135 

0,1119 

3.17 

59700 

650 

83 

0.1116 

3.3 

38000 

415 

58 

0,1113 

3,43 

25550 

280 

37.5 

0.1109 

3,59 

17  700 

195 

26.5 

0,1106 

3,72 

12  680 

140 

19.2 

0.1103 

3.85 

8920 

99 

13,9 

0,1100 

3,97 

6  740 

| 

75 

10,2 

0.1097 

4.1 

5  UO 

57 

7.9 

0,1094 

4,22 

4020 

45 

6,3 

0.1091 

4,37 

3110 

35 

0 

0,1088 

4.49 

2510 

23.4 

4,05 

0,1085 

4.62 

2070 

23,5 

3,22 

0. 1082 

•  4,74 

1715 

19,5 

2,9 

0, 1079 

4,85 

1445 

16,5 

2.6 

0,1076 

4,97 

1220 

14 

2,3 

0,1073 

5,09 

1040 

12  • 

2,06 

0, 1070 

5,24 

— 

— 

— 

0,1067 

5,35 

! 

— 

— 

0, 1061 

5.46 

100 


844 


0,506 

0,51 


0, 1061 
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Kay:  (1).  Temperature 
(3)  .  Specific  heat  Cp 
conductivity  X  kcal/m- 
diffusivity  10*  at  n3/h 
(6b).  kinematic  106  . 


I  °C.  (2).  Specific  gravity/weight  y  kg/m 

kcal/kg  °C.  (4).  Coefficient  of  thermal 
hour  °C.  (5).  Coefficiert  of  thermal 
.  (6).  Viscosity.  (6a).  dynamic  10*  \i  kg*s/m 

(6c).  in  the  Encler  degrees  °E. 
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Table  9.  Physical  paraaeters  cr  diesel  oil. 
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Key:  (1).  Temperature  t  °C.  (2).  Specific  gravity/weight  y  kg/m 

(3).  Specific  heat  Cp  ncaj./kg  °C.  (4).  Coefficient  of  thermal 
conductivity  \  kcal/m-hc ur  °C.  (5).  Coefficient  of  thermal 
conductivity  10*  a  m2/h.  (6).  Viscosity.  (6a).  dynaaic  10*  jj  kg*s/ 
(6b).  kinematic  10*  .  a2/s.  (6c) .  in  the  Engler  degrees  °E. 
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Table  10.  physical  paraaeters  cf  the  adairalty  fuel  oil  M12. 
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Key;  (1).  Temperature  t  °C.  (2)*  Specific  gravity/weight  y  kg/m3 

(3).  Specific  heat  Cp  kcal/ky  °C.  (4).  Coefficient  of  thermal 
conductivity  x  kcal/m-hcur  °C.  (5) .  Coef ficiert  of  thermal 
diffusivity  10*  a  m2/h.  (oj  .  Viscosity.  (6a).  dynamic  10*  p  kg»s/m2, 
(6b).  kinematic  10*  »  a*/s.  (fcc)  .  in  Engler  degrees  °E. 
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Key:  (1).  Temperature  t  °C.  (2).  Specific  gravity/weight  y  kg/a 

(3).  Specific  heat  iccai/kg  °C.  (4).  Coefficient  of  thermal 

conductivity  X  kcal/m-fccur  °C.  (5).  Coefficient  of  thermal 
conductivity  10*  a  m2/b.  (o) .  Vis ccsity.  (6a) .  dynamic  10*  ^  kg«s/ 
(6b).  kinematic  10*  »  m2/s.  (6c).  in  the  Engler  degrees  °E. 
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Key:  (1).  Temperature  t  °C.  12).  Specific  gravity/weight  y  kg/m 
(3).  Specific  heat  cp  kca 1/kg  °C.  (4).  Coefficient  of  thermal 

conductivity  X  kcal/m- tc tr  °C.  (5).  Coefficient  of  thermal 
diffusivity  104  a  m2/h.  (6).  Viscosity.  (6a).  dynamic  1 0*  y  kg«s/m 
(6b).  kinematic  106  •  «2/s.  (6c)  in  Engler  degrees  °E. 


I 

! 

! 
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Table  13. 


(*>  Macao 


fS)Typ6aniioa  ftjuoropiioo  Cl)  co.ispoao« 

M  T 
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Key:  (1).  Temperature  t  °C.  (2).  Aver  age/ Bean  heat  capacity  with 

y=1,  ct  1  Iccal/lcg  °C. 

FOOTNCTE  i.  The  avarage/*€aa  teat  capacity  c,  which  corresponds  to 
the  specific  gra vity/weigat  cx  cil-prcducts,  is  determined  fro*  the 
formula 


'"7=  Kcal/kg  of  °C, 

where  t-  -  specific  gravity/weight  with  15°C,  kg/m3.  ENDFOCTNOTE. 

(3).  Petroleum  residue  f.  (4).  Cil.  (5).  turbine.  (6).  motor.  (7). 
solar. 
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Tabla  14.  physical  paraaetois  ci  aarine  water. 
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K<*y:  (a).  Designation  cf  fcasin.  (h) .  Specific  gra vity/veight,  t/m3. 

(c)  .  Salinity  °B  (Brandt).  (1).  knite  Sea.  (2).  in  throat.  (3).  in 
middle  part.  (4).  in  Dvina  juif.  (5).  Baltic  sea.  (6).  in  Gulf  of 
Bothnia.  (7) .  in  Gulf  ci  Finland.  (8) .  Gcglanc  and  Aland  Is.  (9) .  in 
strait/spill  Baelt.  (10).  Cfcerryy  sea.  (11).  northwestern  part.  (12). 
middle  and  southern  part.  (13).  Caspian  Sea.  (14).  in  middle.  (15). 
along  coast.  (16).  fiartle  sea.  (17).  in  Eospcrus.  (18).  in 
Dardanelles.  (19).  Azov  sea.  (20).  Mediterranean.  (21).  Red  sea. 

(22).  Sea  of  Japan.  (23).  German  sea.  (24).  Arctic  Ccean.  (25). 
Atlantic  Ocean.  (26).  Eacific  Ccean.  (27).  Indian  Ocean.  (28).  Heat 
capacity  cf  marine  water  in  depending  on  salinity.  (29) .  Salinity, 

°B .  (30).  Average/mean  teat  capacity,  ltcal/lcg  of  °C.  (31).  Units 
salinity  measurement.  (32).  mg/1.  (33).  Value  cf  coefficients  of 
viscosity  and  thermal  conductivity  of  marine  water  in  depending  on 
salinity  and  temperature.  (34).  Temperature  t,  °C.  (35).  Coefficient 

of  dynamic  viscosity  1C*  ^  ng*s/m*.  (36).  Coefficient  of  thermal 
conductivity  X  kcal/m-hcur  °C.  (37).  salinity  °B. 
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Tabla  15.  Conversion  of  tas  Enjiisn  units  measurement  into  the  metric 


ones. 
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DOC  =  80040212  EAGE  £&> 

Key:  (a).  Designation,  (t)  .  Units  aeasureient.  (c)  .  English,  (d)  . 
metric.  (1).  Langth.  (2).  men.  (3).  foot.  (4).  yard.  (5).  mile.  (6) 
yards.  (7).  nautical  mile.  (3) .  Area.  (9).  sq.  inch.  (10).  sg.  foot. 
(11).  sg.  yard.  (12).)  Vclume.  (13).  cu.  inch.  (14).  imperial  gallon 
(15).  OSA  gallon.  (16).  cil  barrel.  (17).  OSA  gallon.  (18).  cu.  foot 
(19).  1.  (20).  Weight.  (21).  dram.  (22).  peund.  (22a).  g.  (23). 

ounce.  (24).  pound.  (24a).  kc.  (25).  1  shert-ten  (short)=2000  pounds 

(26).  1  long-ton  (long) =224C  pounds.  (27).  t.  (28).  Pressure.  (29). 
cunca/sq.  inch.  (30).  mi  d2C.  (31).  pound/sq.  inch.  (32).  kg/cm2. 
(33).  phys.  atm  (tech).  (34).  lcng-ton/sq.  inch.  (35).  kg/cm^.  (36). 
mm  Hg .  (37).  Specific  eeignt  ana  density.  (38).  grain/cub.  feet. 

(39).  g/i’.  (40).  grair/imp.  gallon.  (41).  kg/m3.  (41a).  cunce/cub. 

foot.  (42).  pound/cufc.  feet.  (43).  pound/gal len .  (44).  cu. 

feet/peund.  (45) .  1/kg.  (4o) .  Quantity  of  heat.  (47) .  pcund=778 

foct-pounds.  (48),  kg.-o.  (49).  natt-hour.  (5C)  .  keal.  (51).  pound. 
(52).  keal/kg.  (53).  cu.  root.  (54).  kcal/m^.  (55).  sq.  foot.  (56). 
keal/m 2.  (57).  Coefficient  of  heat  transfer.  (58).  sq.  foot-bcur  °F. 

(59).  kcal/m2h.  (60).  Speciric  beat.  (61).  Therual  conductivity. 

(62).  foot-  hour.  (63).  keal/m-tour.  (64).  inch-hour.  (65).  inch  sq. 
foct-hour.  (66).  Viscosity.  (67).  pound/fcot  s.  (68).  g/cm*s.  (69). 
pound  s/sq.  foot.  (7C)  .  kg/a*sek.  (71).  poise.  (72).  kg»s/m2.  (73). 
sq.  faet/s.  (74).  m2/s.  (75).  steke.  (76).  ca2/s.  (77).  m2/h.  (78). 


Temperature.  (79).  Difference  ir  temperatures 
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Key:  (a).  Name  of  values,  (o) .  Las agnations,  (c) .  Dimensionality. 

(1)  .  Length.  (2).  Ninth.  (1).  lUiaht/altitude,  depth.  (4).  Diameter. 
(5).  Radius.  (6).  Area.  (7)  .  Surface.  (3).  Volume.  (9).  Height.  (10). 
t,  kg.  (11).  Specific  gravity/ weight.  (12).  t/m3,  kg/m3.  (13). 
Specific  volume.  (14).  m3/xg.  (15).  Density.  (16).  kg»s2/m*.  (17). 

Salinity.  (18).  °B  (Branat)  .  (IS).  Time.  (20).  hour,  s.  (21).  Speed. 

(22).  m/s.  (23).  Acceleration  or  gravity.  (24).  m/s2.  (25). 
Expenditure.  (26).  kg/h,  m3/h.  (27).  Temperature.  (28).  Absolute 

temperature.  (29).  Difference  in  temperatures.  (30).  Enthalpy 
(enthalpy)  of  vapor.  (31).  kcax/xg.  (32).  Enthalpy  (enthalpy)  of 
liquid.  (33).  Heat  of  vaporization.  (34).  Heat  capacity.  (35). 

Thermal  conductivity.  (36).  kcal/m-hour  °C.  (37).  Coefficient  of 

thermal  conductivity.  (36).  m2/n.  139) .  Coefficient  cf  linear 
expansion.  (40).  Gas  constant.  (41).  kg-m/kg.  (42).  Heat-transfer 
coefficient.  (43).  kcal/m2h.  (43a).  Quantity  cf  heat.  (44).  kcal/h. 
(45).  Pressure.  (46).  kg/m2,  kg/cm*.  (47).  losses  of  pressure.  (48). 
Coefficient  of  dynamic  viscosity.  (49).  kg«s/m2.  (50).  Kinematic 
modulus  of  viscosity.  (5  1).  m2/s.  (52).  Beynclds  number.  (53). 

Prandtl  number.  (54).  Eeclat's  criterion.  (55).  Grashof's  criterion. 
(56).  Concentrated  force.  (57).  kg.  (58).  Evenly  distributed  load. 
(59).  kg/cm*.  (60).  foment  of  inertia.  (61).  foment  cf  resistance. 
(62).  Modulus  of  elasticity.  (63).  Poisson  ratio.  (64).  Ultimate 


strength.  (65).  Yield  point.  (66).  Creep  limit.  (67). 


Permissible 


/ 


DOC  *  80040212 


PAGE 


tensile  stress.  (68) .  Allowable  stress  or  curvatu 
Permissible  compression  stress.  (70).  Permissible 
Permissible  crumpling  stress.  (7^).  Safety  factor 
thickness.  (74).  Addition  to  corrosion,  allowance 
(75).  Modulus  of  resistance  of  joint.  (76).  Cuant 
(77).  pcs.  (78).  Space  or  tubas,  oclts. 


re .  (6  9)  . 

shear  stress.  (71). 
.  (73)  .  Mall 

s,  ovality,  etc. 
ity  of  tubes,  bolts. 
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